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wherein 



and represent a hydrQxyl grotp, alkyloxy. alkenyloxy. alkynyfoxy. cycloalkyloxy, alkDxyalkyloxy, cycloalkyloxy 
corrtainig one oxygen atom, aralkyloxy. alkylcarbonyloxy, alkenylcarbonyloxy. alkynylcarbonyloxy, cycloalkylcarbo- 
nyloxy. alkoxycartxjnyloxy, aryloxy carbonyloxy. aralkylcarbonyloxy. aromatic acyloxy. heteroaromatic acyloxy. sat- 
urated heterocyclic cartx)nyloxy, alkylsuifonytoxy. aromatic sulfonyloxy. alkylcarttamoyloxy. aromatic carbamoyloxy. 
alkylcart)onyiamino. or aromatic acylamino. provided that may further represent a hydrogen atom, alkyi, alkenyl, 
or alkynyl; and R^. R^, and R^ each independently represent a hydrogen atom. alkyI or alkenyl. 
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Description 



[BACKGROUND OF THE INVENTION! 
5 Field of Invention 

The present invention relates to compounds having progesterone receptor binding inhibitory activity and pharma- 
ceutical compositions containing the same. 

10 BacHground Art 

In recent years, also in Japan, there is a tendency for the number of patients suffering from breast cancer to 
increase, and it is foreseen that the number of patients suffering from breast cancer would become largest among the 
malignant tumors in women in the 21st century. Ovariectomy has for the first time been used as endocrinotherapy for 

IS breast cancer. Thereafter, adrenalectomy and hypophysectomy have been reported to be useful as therapy for breast 
cancer in progress, and, since then, surgical endoainotherapy has been mainly used and made progress. In the surgi- 
cal endocrinotherapy. an organ Involved in the secretion off estrogen is removed to regress estrogen dependent breast 
cancer. This, however, results in loss of not only estrogen txit also life-sustaining hormones, including steroid hor- 
mones, posing many problems associated with the quality of life. 

20 Non-steroidal anti-estrogen agents typified by Tamoxifen Citrate which appeared in the latter half of 1970s, by vir- 
tue of high effect against breast cancer and much lower side effect than conventional androgen and estrogen, have 
become extensively applied in dinical investigations and replaced the surgical endocrinotherapy used as main therapy 
for breast cancer up to that point. 

More recentiy, agents having a new mechanism of action, such as medroxyprogesterone acetate (MPA) f NYU- 

25 GAN NO RiNSHO". vol. 1. 201-213 (1986)). aromatase inhibitor, luteinizing hormone releasing hormone (LH-RH) ago- 
nist fGAN TO KAGAKU FmDHO". 16, 2729 (1994)) have been developed, resulting in diversified endocrinotherapy for 
breast career. 

On tiie other hand, the treatment of breasii cancer witii an antiprogesterone agent based on progesterone receptor 
has been actively attempted particularly in recent years. For example, Mifepristone (RU38486) (FR2497807), Onapris- 
30 tone (ZK98299) (DE3321826) are under development. 

Since, however, all of them have a steroidal skeleton, tiiey have been pointed out to have side effect characteristic 
of steroid. Therefore, in order to overcome these problems, the appearance of an agent having progesterone receptor 
binding inhibitory activity witiiout the steroid skeleton has been desired in tiie art. 

The present inventors have previously succeeded in isolation of sut^stance PF1092, having inhit)itory activity 
35 against binding of progesterone to progesterone receptor, from a cultured mixture of a strain belonging to the genus 
Penicillium (Japanese Patent Application Nos. 20860/1995 and 17074/1996 and EP961 00580.8, which are incorpo- 
rated herein by reference). 

[SUMMARY OF THE INVENTION] 



The present inventors have now succeeded in synthesis of various derivatives of substance PF1 092 and confirmed 
that these derivative still have progesterone receptor binding inhibitory activity. The present invention is based on such 
novel finding. 

Thus, according to one aspect of the present invention, there Is pmvided a compound represented by the following 
45 formula (I) or a pharmaceuti'cally acceptable salt thereof: 



40 



so 
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•ts wherein 



represents 
a hydroxyl group. 

optionally substituted Ci-Ciq alkyloxy. 
20 optionally substituted C2-C10 alkenytoxy. 
optionally substituted C2-C10 alkynyloxy, 
C3-C6 cycloalkyioxy, 
C2-C12 alkoxyalkyloxy, 

five- or six-membered cycloalkyloxy containig one oxygen atom, 
25 optionally substituted Cy-Cis aralkyloxy, 

optionally substituted 02-0^^ alkylcartx>nytoxy. 

optionally substituted C3-C11 alkenylcarbonyloxy, 

optionally substituted Cs-Cn alkynylcarbonyloxy. 

C4-C15 cydoalkylcarbonyloxy, 
30 C2-C11 alkoxycartx)ny]oxy. 

C7-C15 aryloxy cartjonyloxy, 

optionally substituted Cs-C-ts aralkylcartKsnyioxy. 

optionally substituted C7-C15 aromatic acyloxy, 

optionally substituted C3-C-15 heteroaromatic acyloxy having at least one hetero atom selected from the group con- 
35 sisting of nitrogen, oxygen, and sulfur atoms, 

optionally substituted C4-C12 saturated heterocyclic caibonyloxy having at least one hetero atom selected from the 
group consisting of nitrogen, oxygen, and sulfur atoms, 
C^'Cg alkylsutfonyloxy, 

optionally substituted C6-C12 aromatic suHbnyk>xy, 
40 C2-C7 alkylcarbamoytoxy 

optionally suk)stituted C7-Ci2 aromatic carbanmyloxy, 

optionally suk)stituted C2-C1 1 alkylcartx>ny1amino, 

optionally substituted C7-C15 aromatic acylamino, 

a hydrogen atom, 
45 optionally suk)stituted -C^ 0 ^'^^ ■ 

optionally substituted C2-C10 alkenyl, or 

optionally substituted C2-C10 alkynyl; 
represents 

a hydroxyl group, 
50 optionally substituted C^-Cio alkyloxy, 

optionally substituted C2-C10 alkenyloxy, 

optionally substituted C2-C10 alkynyloxy, 

Cs-Ce cycloalkyloxy, 

C2-C12 alkoxyalkyloxy, 
55 five- or six-membered cycloalkyloxy containig one oxygen atom, 

optionally substituted C7-C15 aralkyloxy, 

optionally substituted C2-C1 1 alkylcartx^nyloxy, 

optionally substituted C3-C11 alkenylcarbonyloxy, 
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optionally substituted C3-C11 alkynylcarbonytoxy. 
C4-C15 cycloalky1cartx}nyloxy. 
Ca'Cii alkoxycarbonytoxy, 
C7-C15 aryloxy caibonyloxy. 
5 optionally substituted Cg-Ci 5 aralkylcarbonyfoxy, 

optionally substituted C7-C15 aromatic acyloxy. 

optionally substituted C3-C1 5 heteroaromatic acyloxy having at least one hetero atom selected from the group con- 
sisting of nitrogen, oxygen, arxi sulfur atoms, 

optionally substituted C4-C12 saturated heterocyclic cartx>nylQxy having al least one hetero atom selected from the 
10 group consisting of nitrogen, oxygen, and sulfur atoms. 
CrCe alkylsulfonyloxy, 

optionally sut>stituted C6-C12 aromatic sullbnyloxy, 
C2-C7 alkylcartjamoyloxy 

optionally substituted C7-C12 aromatic cart>amoylQxy, 
15 optionally substituted O^'C^ 1 alkylcarbonylamino. 
optionally substituted C7-C15 aromatic acylamino; 

represents 
a hydrogen atom 

optionally substituted CrCto aIM> or 
20 optionally sut>stituted C2-C10 alkenyt; 
R"* represents 
a hydrogen atom 

optionally sut>stituted CrCio a'M. or 
optionally substituted C2-C10 alkenyl; and 
25 R^ r^reserrts 

a hydrogen atom 

optionally substituted CfCio alM* or 
optionally substituted C2-C10 alkenyl, 

30 provided that a compound wherein botii and R^ represent a hydroxy! group, R^ and R^ represent a hydrogen atom, 
and R^ represents methyl, a compound wherein R^ represents methylcaibonyloxy, and R^ represents a hydroxy! group, 
R^ and R^ represent a hydrogen atom, and R"^ represents methyl, a compound wherein R^ represents a hydroxy! group. 
r2 represent methylcartxjnyloxy. R^ and R^ represent a hydrogen atom, and R"* represents methyl are excluded. 
According to another aspect of the present invention, there is provided a process for producing a compound repre- 

35 sented by the fornruila (I) according to claim 1 , wherein R^ and R^ represent a hydroxyl group, R^ represents a hydrogen 
atom. R^ represents a hydrogen atom, optionally substituted Ci -C10 alkyl. or C2-C10 alkenyl and R^ represents a hydro- 
gen atom, said process comprising the steps of: 



(a) oxidizing the following compound (1 1): 

40 



CH3 



45 

HO^ CH3 

CI I) 

so 

and then conducting acetal protection; 
(b) reacting the resultant compound (12): 



ss 
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WO- 



ow 



CH3 



( 1 2) 



wherein W is a protective group of an acetal group, with benzenesulfonylmethyl in the presence of a 
(c) protecting the resultant compound (13): 



CH3 

CH3 



SOjPh 



O W 



( 1 3) 



with a hydroxy! group and then conducting a ring-opening reaction in the presence of a base; 
(d) subjecting the resultant compound (14): 



WO CH3 OP 

PC CH3 
(14) 



to a ring-dosing reaction with a Lewis acid; 
(e) reducing the resultant compound (15): 



PhSQ. 



u 

p-o 

( 1 5) 



(Q subjecSng the residtant compound (1 6): 
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PO 

(1 6) 

10 

and 3-trimethylsily1-3-buten-2-one to Michael addition and cydocondensation in the presence of a base; 
(g) condensing the resultant compound (17): 



IS 




( 1 7) 



with a-keto ester by aidol condensation in the presence of a base and optionally a catalytic amount of zinc chloride; 
(h) heating the resultant compound (18): 

25 



30 




(18) 



35 

wherein is as defined above in connection with the formula (I) and is as defined above, under reflux in the 

presence of an acid catalyst; 

(i) oxidizing the resultant compound (19): 



40 




( 1 9) 



50 [BRIEF DESCRIPTION OF THE DRAWINGS] 

Fig. 1 is a graph showing infrared absorption spectrum of substance PF1092A in KBr tablet. 
Fig. 2 is a graph showing 400 MHz ^H NMR spectrum of substance PF1092A in CDCI3 solution. 
Fig. 3 is a graph showing 100 MHz ^^C NMRspectrum of substance PF1092A in CDQ3 solution. 
55 Fig. 4 Is a graph showing infrared absorption spectrum of substance PF1092B In KBr tablet 

Rg. 5 is a graph showing 400 MHz ^H NMR spectrum of sut)stance PF1092B in CDCI3 Solution. 
Fig. 6 is a graph showing 100 MHz ^^C NMRspectrum of substance PF1092B in CDCI3 Solution. 
Rg. 7 is a graph showing infrared absorption spectrum of substance PF1092C in KBr t£iblet. 
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Fig. 8 is a graph showing 400 MHz NMR spectrum of substance PF1092C in CDCI3 solution. 
Fig. 9 is a graph showing 100 MHz ^^C NMR spectrum of substance PF1092C in CDCI3 solution. 



[Detailed Description of the Invention] 



Definition 



As used herein, the terms "alkyi." "alkenyl." and "alkynyl" as a group or a part of a group respectively mean straight 
or branched chain alkyI, alkenyl, and alkynyl. The term "halogen" used herein means a fluorine, chlorine, bromine, or 
iodine atom. The term "aralkyi" used herein means benzyl, phenyfethyi (phenethyl), methiylbenzyl, naphthyl or the like. 
The term "acyl" used herein means alkoxycarbonyl or arylcaitx)nyl. The term "aryl" preferably means phenyl, naphthyl. 
tdyl or the like. 

Compounds represented by formula (1) 

In the formula (I), the C^-C-io alkyloxy represented by and Is preferably C^-Cs alkyloxy, more preferably Ci- 
C4 alkyloxy. At least one hydrogen atom on the alkyloxy may be substituted by a substituent. 

The C2-C^o alkenyloxy represented by R^ and R^ Is preferably Cg-Ce alkenyloxy, more preferably C2-C4 alkenyloxy. 
At least one hydrogen atom on the alkenyloxy may be substituted by a substituent. 

The C2-C10 alkynyloxy represented by R^ and R^ is preferably C2-C6 alkynyloxy, more preferably C2-C10 alkyny- 
loxy. At least one hydrogen atom on the alkynyloxy may be substituted by a substituent. 

Examples of the C3-C6 cydoalkylcxy represented by and R^ include cydopropyloxy, cydobutyloxy. cyclopenty- 
loxy, and cyclohexyloxy. 

The C2-C12 alkoxyalkyloxy represented by R"" and R^ is preferably Ci-Cs alkoxy Ci-Ce alkyloxy, more preferably 
C1-C4 alkoxy CrC4 alkyloxy. Examples of the C7-C15 aralkyloxy represented by R^ and R^ indude benzyloxy, phe- 
nylethyloxy, methylbenzyloxy, and naphthylmethyloxy 

The C2'Cu alkylcarbor^oxy represented by R^ and R^ is preferably C2-C7 alkylcait>onyloxy, more preferably C2- 
C5 all^cartx)nyfaxy. At least one hydrogen atom on the all^cartx>nylcKy may be substituted by a substituent. 

The five- or six-membered cycloalkyloxy oontainig one oxygen atom, represented by R^ and R^, includes tetrahy- 
drofurylQxy and tetrahydropyranyloxy. 

The C3-C11 alkenytcarix)nyloxy represented by R"" and R^ is preferably C3-C7 alkenylcart»onyloxy. more preferably 
C3-C5 alkenytcart>onyloxy. At least one hydrogen atom on the alkenylcarbonyloxy may be sul>stituted by a sut>stituent. 

The C3-C11 alkynylcartjonyloxy represented by R^ and R^ is preferably C3-C7 all^nylcartx)nyloxy, more preferably 
C3-C5 alkynylcartxxiyloxy. At least one hydrogen atom on the alkynylcartx>nyloxy may be substituted by a substituent. 

The C4-Ci5 cycloalkylcartDonyloxy represented by R^ and R^ is preferably C4-C8 cycloalkylcartxDnyloxy, and exam- 
ples thereof include cyclopropylcarbonyloxy. cydobutylcarbonyloxy, cyclopentylcarbonyloxy, and cyclohexylcarbony- 
Icocy. 

The C2-C11 alkoxycartonyloxy represented by R^ and R^ is preferably C2-C7 alkoxycarkx>nylQxy. more preferably 
C2-C5 alkoxycarbonyloxy. 

Examples of the C7-C15 aryloxy cartx)nylQxy represented by R^ and R^ Indude phenycarbonyloxy, naphthylcarbo- 
nylQxy, and tricarbonyloxy. 

Examples of the Cs-Cis aralkylcaibonyloxy represented by R^ and R^ include benzylcait)onyloxy. phenylethytoar- 
bonyloxy, methylbenzylcarbonyloxy, and naphthylmethylcaibonyloxy. At least one hydrogen atom on the aralkylcart)o- 
nytoxy may be substituted by a substituent. 

Examples of the C7-C15 aromatic acyloxy represented by R"* and R^ include benzoyloxy, trioyloxy, cinnamoyloxy, 
and naphthoyloxy. At least one hydrogen atom on the aromatic acyloxy may be substituted by a substituent. 

The C3-C15 heteroaromatic acyloxy, having at least one hetero atom selected from the group consisting of nitrogen, 
oxygen, and sulfur atoms, represented by R^ and R^ is preferably a five- or six-membered heteroaromatic acyloxy 
group containing one oxygen or sulfur atom, for example, furoyloxy, pyranylcarkwnyloxy, or thenoyloxy. or a five-or six- 
membered heteroaromatic acyloxy group containing a nitrogen atom and a sulfur atom, for example, thiazolylcarbony- 
loxy. Tlie heteroaromatic ring, together with other ring, for example, a benzene ring, may form a condensed ring, and 
examples thereof include benzothiophene. At least one hydrogen atom on the heteroaromatic acyloxy may be substi- 
tuted by a substituent, and examples of the substituent indude Ci-Ce alkyl. 

Examples of the C4-C12 saturated heterocyclic cart)onylQxy, having at least one hetero atom selected from the 
group consisting of rvtrogen. oxygen, and sulfur atoms, represented by R^ and R^ include tetrahydrofurylcarbonyloxy 
and tetrahydropyranylcarbonylQxy. At least one hydrogen atom on the saturated heterocydic carbonyloxy may be sub- 
stituted by a substituent. 

The Ci-Ce alkylsulfonyloxy represented by R^ and R^ is preferatjiy C1-C4 alkylsulfonyloxy. 
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Examples of the C6-C12 aromatic sutfonytoxy represented by and include phenylsuKonyloxy. At least one 
hydrogen atom on the aromatic sutfbnyloxy may be substituted by a substituent. 

The C2-C7 alkytcarbampyloxy represented by and R^ is preferably C2-C5 alkylcarbamoytoxy. 
Examples of the C7-Ci2 aromatic cait>amoyloxy represented by R** and R^ include phenylcarisamoytoxy. At least 
one hydrogen atom on the aromatic carbamc^oxy may be substituted by a substituent. 

The C1-C10 alkyi represented by R^ and R^ is preferably C^-Cs alkyl. more preferably C1-C4 alkyi. At least one 
hydrogen atom on the alkyl may be sut^tituted by a substituent. 

The C2-C10 alkenyl represented by R"' and is preferably C2-C6 alkenyl. more preferably C2-C4 alkenyl. At least 
one hydrogen atom on the alkenyl may be substituted by a substituent. 

The C2-C-10 alkynyl represented by R^ and R^ is preferably C2-C6 alkynyi, more preferably C2-C4 alkynyl. At least 
one hydrogen atom on tiie alkynyl may be substituted by a substituent. 

In the formula (I), the C^-C-io alkyl represented by R^ is preferably Ci-Ce alkyl. more preferably C1-C4 alkyl. At least 
one hydrogen atom on the alkyl may be substituted by a substituent. 

The C2-C10 alkenyl represented by R^ is preferably C2-C6 alkenyl. more preferably C2-C4 alkenyl. At least one 
hydrogen atom on the alkenyl may be substituted by a substituent. 

In the fbrmula (1), the Ci -0^0 alkyl represented by R^ Is preferably Ci -Cs preferably Ci-C4 alkyl. At least 

one hydrogen atom on the alkyl may be substituted by a substituent. 

The C2-Cio atonyl represented by R^ is preferably C2-C6 alkenyl, more preferably C2-C4 alkenyl. At least one 
hydrogen atom on the alkenyl may be substituted by a substituent. 

In the fbrmula (I), the Ci-C^o alkyl represented by R^ is preferably C^-Ce alkyl. more preferably C1-C4 alkyl. At least 
one hydrogen atom on the alkyl may be substituted by a substituent. 

The C2-C10 alkenyl represented by R^ is preferably C2-C6 alkenyl. more preferably C2-C4 alkenyl. At least one 
hydrogen atom on the alkenyl may be substituted by a substituent. 

The compound according to the present invention are represented by the fbrmula (I). However, a compound 
wherein both R^ and R^ represent a hydroxy! group. R^ and R^ represent a hydrog^i atom, and R^ represents methyl 
(sometimes referred to as "substance PF1092C"). a oonripound wherein R"* represents methylcart>onyloxy. and R^ rep- 
resents a hydroxyl group, R^ and R^ represent a hydrogen atom, and R^ represents methyl (sometimes referred to as 
''8ut>stance PF1092B"), a compound wherein R^ represents a hydroxyl group, R^ represents methylcarbonyloxy, R^ and 
R^ represent a hycfa-ogen atom, and R^ represents methyl (sometimes referred to as "substance PF1092A") are 
excluded from the scope of the present Invention. 

Among the compounds repressed by the formula (I) according to the present invention, the following groups of 
compounds are preferred. 

Spedfk^lly. a groijq3 of preferred compounds are those represertted by the fbrmula (I) wherein 

35 R^ represents 

a hydroxyl group, 

C1-C10 alkyloxy, 

C3-C6 cycloalkyloxy, 

C2-C^2 alkoxyalkyloxy, 
40 optionally substituted Cj-C^ 5 aralkyloxy. 

optionally substituted C2-C1 1 alkylcart>onyloxy, 

C4-C15 cycloalkylcark)onyloxy, 

C2-C-11 alkoxycartxmylQxy, 

C7-C15 aryloxy carbonyloxy, 
45 optionally substituted Cs-Ci 5 aralkyf cart>onyloxy. 

optionally substituted C7-C15 aromatic acyloxy, 

optionally substituted C3-C15 heteroaromatic acyloxy having at least one hetero atom selected from tiie group con- 
sisting of nitrogen, oxygen, and sulfur atoms. 

optionally substituted C4-C12 saturated heterocyclic cartx>nyloxy having at least one hetero atom selected from tiie 
so group consisting of nitrogen, oxygen, and sulfur atoms, 
CyCe alkylsulfonyloxy, 
C2-C7 alkylcartsamoyloxy 

optionally substituted Cj-C^2 aromatic cart>amoyloxy. 
optionally substituted C2-Cii alkylcarbonylamino, 
55 a hydrogen atom, or 

optionally substituted CrCio alkyl; 
R^ represents a hydroxy! group: 
R^ represents 
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a hydrogen atom or 
optionally substituted CyC-^o alkyi; 
R'* represents 
a hydrogen atom or 
5 optionally substituted Ci-Cio alkyI; and 

represents 
a hydrogen atom or 
optionally substituted Ci-C^o 3"^- 

10 Another group of preferred compounds are those represented by the formula (I) wherein 

R^ represents a hydroxyl group; 

R^ represents 

a hydroxyl group. 
IS Ci-Cioalkyloxy. 

C3-C6 cycloalkyloxy, 

C2-C12 alkoxyalkyloxy, 

optionally substituted C7-C15 aralkyloxy, 

optionally substituted alkylcarbonyloxy, 
20 04*0^5 cydoalkylcarbonyloxy, 
alkoxycartx)nyloxy, 

C7-C15 aryloxy cartx>nytoxy. 

optionally substituted Cs-Cis aralkylcartx>nyloxy, 

optionally substituted C7-C15 aromatic acyloxy, 
25 optionally substituted C3-C15 heteroaromatic acyloxy having at least one hetero atom selected from the group con- 
sisting of nitrogen, oxygen, and sulfur atoms. 

optionally substituted C4-C12 saturated heterocyclic carbonyloxy having at least one hetero atom selected from the 

group consisting of nitrogen, oxygen, and suKur atoms, 

CrCe alkylsulfonyloxy. 
30 C2-C7 alkylcarbamoyloxy 

optionally substituted C7-C12 aromatic carbamoyloxy, 

optionally substituted C2-C1 1 alkylcarbonylamino. 

a hydrogen atom, or 

optionally substituted C1-C10 alkyI; 
35 R^ represents 

a hydrogen atom or 

optionally substituted C1-C10 alkyI; 

R^ represents 

a hydrogen atom or 
40 optionally substituted Ci -Ci 0 alkyI ; and 

R^ represents 

a hydrogen atom or 

optionally substituted C^C^q alkyl. 

45 Still another group of preferred compounds are those represented by the formula (I) wherein 

R^ and R^ each independently represent 

a hydroxyl group; 

C1-C10 alkyloxy, 
so C3-C6 cycloalkyloxy, 

C2-C12 alkoxyalkyloxy, 

optionally substituted C7-C15 aralkyloxy, 

optionally substituted alkylcarbonyloxy. 

C4-C1 5 cydoalkylcartxxiyloxy, 
55 C2-C11 alkoxycartxjnyloxy, 

C7-C15 aryloxy cartx)nyIoxy, 

optionally substituted C8-C15 aralkylcartx>nyloxy, 

optionally sut)stituted C7-C15 aromatic acyloxy, 
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optionally substituted Cs-C^s heteroaromatic acytoxy having at least one hetero atom selected from the group con- 
sisting of nitrogen, oxygen, and sulfur atoms. 

optionally substituted 04-0^2 saturated heterocyclic cartx>nyloxy having at least one hetero atom selected from the 
group consisting of nitrogen, oxygen, and sulfur atoms, 
5 Ci-Ce alkylsulfonyloxy, 

C2-C7 alkylcarbamoyloxy 

optionally substituted C7'Ci2 aromatic cart)anx>yloxy. 
optionally substituted C2-C1 ^ alkytcarbonylamino. 
a hydrogen atom, or 
10 optionally substituted C1-C10 alMi 

represents 
a hydrogen atom or 
optionally substituted C1-C10 alkyl; 

represents 
IS a hydrogen atom or 

optionally substituted CrCio sJky\: and 

represents 
a hydrogen atom or 
optionally substituted CrCio alkyl- 

20 

A further group of preferred compounds are those prepared by the formula (I) wherein 

represents a hydrogen atom; 

R^ represents 
2!5 a hydroxyl group. 

C2-C10 alkylcarbonyloxy. 

03-0^0 alkenylcart)onytoxy. 

optionally substituted Ca-Cio alkylcart>onylQxy, 

C4-C15 cycloalkylcarbonyloxy, 
30 optionally substituted Cs-Ci 5 aralkylcarbonyloxy, 

optionally substituted Cy-C^s aromatic acyloxy. or 

optionally sut>stltuted C3-C15 heteroaromatic acytoxy having at least one nitrogen, oxygen, or sulfur atom; 
r3 represents 
a hydrogen atom 
3S optionally substituted CyC-^o alkyl> or 
optionally substituted Ca-Cto alkenyl; 
R"^ represents 
a hydrogen atom, 
alkyl. 

40 optionally sutsstituted -Ci 0 alkyl, 

optionally substituted C2-C1 0 alkenyl; and 
R^ represents 
a hydrogen atom 

optionally substituted C^-Cio alkyl. or 
4S optionally suk>stituted alkenyl. 

A group of more preferred conpourKis represented by the formula (I) include: 
compounds wherein 

so r2 represents 2-tetrahydropyranyloxy. propionyloxy, isobutyryloxy, chloroacetyloxy. phenylacetyloxy, cydopropyl- 
cart>onyloxy, cydohexylcarbonytoxy. cinnamoyloxy. benzoyloxy. 4-nitrobenzoyloxy, 2-thenoyloxy, 2-furoyloxy, 1-ben- 
zothiophen-2-ytcarbonyloxy. 4-methyl-5-thiazolylcart>onyloxy. n-propylcait>amoyloxy, or acetylamino and 
R^ represents a hydroxyl group; 
compounds wherein 

55 R^ represents methoxy, acetyloxy. propionyloxy, cydopropylcartx>nylQxy. benzoytoxy. 2-thenoyloxy, 2-furoyloxy, 
ethoxycarbonytoxy. phenoxycart^onyloxy. methylsutfonyloxy, or acetylamino and 
R^ represents methoxy; 
compourKis wherein 
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represents acetyloxy, propionylaxy. cyclopropylcartx>nylQ)cy; benzoyloxy, 2-thenoyloxy. or 2-furoyloxy and 
represents ethoxy; 
compounds wherein 

R^ represents acetyloxy. propionyloxy, cyclopropylcartX)nyloxy, benzoyloxy, 2-thenoy(oxy. or 2-furoyloxy and 
R'' represents n-propyloxy; 
conpounds wherein 

r2 represents a hydroxy! group, acetyloxy, propionyloxy, cyclopropylcarbonyloxy, benzoyloxy, 2-furoylQxy, 2-thenoy- 
loxy, or methoxymethyloxy and 
R^ represents propionyloxy; 

compounds wherein 
R^ represents a hydroxyl group, 

R*" represents benzyloxy, cyclopropylcarbonyloxy, cycIohexylcart)onyloxy, benzoyloxy. 4-nitrobenzoyloxy, 2-thenoy- 
iQxy. 2-furoytaxy. methylcaitsanrioylaxy. or nisropylcarbamoylaxy; 

compounds wherein 
R^ represents 2-f uroyioxy and 

R^ represents acetyloxy, cydopropylcartXHiyloxy, benzoyloxy, 2-thenoyloxy, or 2-furoyloxy; 

compounds wherein 
R^ represents propionyloxy and 

R^ represents acetyloxy, cydopropy1cartx)nyloxy. benzoyloxy. 2-thenoyloxy, or 2-furoyloxy; 

compounds wherein 
R^ represents benzoyloxy and 

R^ represents methoxymethyloxy or methoxyethoxymethyloxy; 

compounds wherein 
R^ represents methoxymethyloxy and 
R^ represents benzoyloxy; and 

compounds wherein represents n-propylcart}amoyloxy and 
R** represents n-propylcaitsamoyloxy; 

compounds wherein 
R^ represents phenylcarbamoyloxy and 
R^ represents phenylcarbamoyloxy. 

Further, according to a preferred embodiment of the present invention, groups of preferred compounds represented 
by the formula (I) include: 
compounds wherein 

R^ represents a hydrogen atom, 

r2 represents a hydroxyl group, acetyloxy, propionyloxy, butyryloxy, isobutyryloxy, isovaleryloxy, benzoyloxy, 2-furo- 
yloxy, or 2-thenoyloxy, 
R^ represents a hydrogen atom. 
R^ represents methyl, arKi 
R^ represents a hydrogen atom; 

compounds wherein 
R** represents a hydrogen atom, 

r2 represents a hydroxyl group, acetyloxy, propionyloxy, butyryloxy, isobutyryloxy, isovaleryloxy, benzoyloxy, 2-furo- 
yloxy, or 2-thenoyloxy, 
R^ represents a hydrogen atom, 
R"^ represents methyl, and 
R® represents methyl; 

compounds wherein 
R^ represents a hydrogen atom, 

r2 represents a hydroxyl group, acetyloxy. propionyloxy. butyryloxy, isobutyryloxy, isovaleryloxy, benzoyloxy, 2-furo- 
yloxy, or 2-thenpyloxy. 
R^ represents a hydrogen atom, 
R^ represents ethyl, and 
R^ represents a hydrogen atom; 

compounds wherein 
R^ represents a hydrogen atom, 

R^ represents a hydroxyl group, acetyloxy. propionyloxy. butyryloxy, isobutyryloxy, isovaleryloxy, benzoyloxy, 2-fijro- 
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yloxy. or 2-thenoyioxy, 

represents a hydrogen atom, 
represents a hydrogen atom, and 
represents a hydrogen atom; 

compounds wherein 
represents a hydrogen atom, 

represents a hydroxyl group, acetyloxy. propionylaxy. butyryloxy. isobutyryloxy, iscvaleryloxy. benzoyloxy. 2-furo- 
ytoxy. or 2-thenoyloxy, 
R^ represents methyl, 
R"^ represents methyl, and 
R^ represents a hydrogen atom; and 

compounds wherein 
R^ represents methyl, 

R^ represents a hydroxyl group, acetyloxy. propionyloxy, butyryloxy, isobutyryloxy, isovaleryloxy. benzoyloxy, 2-furo- 
yloxy, or 2-thenoyloxy, 
R^ represents a hydrogen atom, 
R^ represents methyl, and 
R^ represents a hydrogen atom. 

20 According to another embodiment of the present invention, the following group of compounds may be mentioned 
as a group of preferred compounds. Specifically, preferred are a group of compourxds represented by the formula (I) 
wherein 

and R^ each independently represent 
25 a hydroxyl group, 

optionally substituted C^-Cio alkyloxy. 

optionally substituted C2-C10 alkenytoxy, 

optionally substituted Ca-Cio atkynyloxy. 

C3-C6 cycloalkylQxy. 
30 C2-Ci2 alkoxyalkyloxy, 

five- or six-membered cydoalkyloxy containig one oxygen atom, 

optionally substituted C7-C15 aralkyloxy, 

optionally substituted C2-C1 1 alkylcartjonyloxy, 

optionally substituted C3-C11 alkenylcarkx)nyloxy, 
3S optionally substituted Cs-Cfi alkynytcartXMiyloxy, 

C4-C15 cycloalkylcariaonyloxy, 

C2-C1 1 alkoxycarbonyloxy, 

C7-C15 aryloxy carbonyloxy. 

optionally sut>stituted C3-C15 aralkylcarbonyloxy, 
40 optionally substituted Cj-C^s aromatic acyloxy, 

optionally substituted 03-0^5 heteroaromatic acyloxy having at least one hetero atom selected from the group con- 
sisting of nitrogen, oxygen, arKi sulfur atoms, 

optionally substituted C4-C12 saturated heterocyclic carix>nyloxy having at least one hetero atom selected from the 
group consisting of nitrogen, oxygen, and sulfur atoms, 
45 C^-Ce alkylsulfonyloxy, 

optionally substituted Cq'C^2 aromatic suHbnyloxy. 
62-07 alkylcart)amoyloxy 

optionally sutjstituted C7-C12 aromatic cart>amoyloxy, 
optionally sutsstrtuted C2-C11 alkylcartx)nytamino; 
so represents a hydrogen atom; 

R"* represents 
a hydrogen atom or 
CyC-io alkyi; and 
R^ represents a hydrogen atom. 

55 

Anrx)ng the above groups of compounds, a group of more prefen-ed compounds are those wherein 
R^ and R^ each irviependently represent 
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a hydroxyl group, 
Ci-Ce alkyloxy group, 

C2-C12 alkoxyalkyloxy wWch may be substituted by C^-Cq alkoxy group. 
Cy-Cisaralkyloxy, 

C2-C7 alkylcarbonyloxy which may be substituted by a halogen, 
C4-Ci5 cydoalkylcarbonyloxy, 
C2-C7 alkoxycailDonyloxy. 
C7-C15 arylQxycartJonyloxy, 
C8-C15 aralkylcartDonyloxy, 

C7-C15 arylcarbonyloxy which may be sut>stituted by nitro. 

five- or six-memisered heteroaromatic acyloxy containing one oxygen or sulfur atom, 

five- or six-menri>ered heteroaromatic ac^oxy, containing a nitrogen or sulfur atom, which may be substituted by 
Ci-Cealkyl. 

five- or six-membered saturated heterocyclic carbonyloxy having at least one hetero atom selected from nitrogen. 

oxygen, and sulfur atoms, 

CrCe alkylsulfonyloxy, 

C2-C7 alkylcarbamoyloxy, 

C7-C12 aryicarbamoyloxy. 

C2-C7 alkylcartxsnylamino: 

represents a hydrogen atom; 

represents Ci-Cg aikyi; and 

represents a hydrogen atom. 

Since the compounds represented by the formula (I) according to the present invention have several asymmetric 
cartx)ns, various isomers attributable to these carbons are considered. The present invention embraces these individ- 
ual isomers and mixtures thereof. 

The conpounds represented by the formula (1) may be present in the form of a salt. Examples of the salt Include 
pharmacologically acceptable salts, and specific examples thereof Include lithium, sodium, potassium, magnesium, 
and calcium salts; salts with ammonium and suitable non-toxic amines, for example, Ci-Ce alkylamine (for example, tri- 
ethylamine) salts, CrCe alkanolamine (for example, diethanolamine or triethanolamine) salts, procaine salts, cyclohex- 
ylamine (for example, dicyclohexylamine) salts, benzylamine (for exanrple, N-methylbenzylamine, N-ethylbenzylamine. 
N-benzyl-p-phenethylamine. N,N-diben2ylethylenediamine,- or dibenzylamine) salts, and heterocyclic amines (for 
example, morpholine or N-ethylpyridine) salts; salts of hydrohalogenic acids such as hydrofluoric acid, hydrochloric 
acid, hydrobromic acid and hydroiodic acid; inorganic acid salts such as sulfate, nitrate, phosphate, perchlorate and car- 
bonate; salts of cait)Oxylic acids such as acetic add, trichloroacetic acid, trifluoroacetic acid, hydroxyacetic acid, lactic 
add. citric acid, tartaric acid, oxalic add. benzoic add, mandelic acid, butyric acid, maleic acid, propionic acid, formic 
acid and malic add; salts of amino adds such as arginic acid, aspartic acid and glutamic acid; and salts of organic adds 
such as methanesultonic acid and p-toluenesulfonic acid. 

Use of compounds recyesented by formula (lypharmace uticai compositions 

The conpounds. represented by the formula (I), according to the present invention have progesterone receptor 
binding inhibitory activity and, hence, can be used as therapeutic and prophylactic agents for progesterone-related dis- 
eases. The progesterone receptor has been reported to be expressed in breast, uterus, ovary, bone, central nerve and 
the like. TTierefore. the compounds represented by the formula (1) are useful as therapeutic and prophylactic agents for 
progesterone-related diseases in these organs. More specifically, they are useful as abortifacients, oral contraceptive 
pills, carcinostatic agents for breast cancer and ovarian cancer, therapeutic agents for endometriosis, meningioma, and 
myeloma, and therapeutic and prophylactic agents for osteoporosis and climacteric disturbance. Espedally, the com- 
pounds represented by the formula (I) according to the present invention have no steroid skeleton and, hence, are con- 
sidered to be advantageously free from side effect inherent In steroid such as found in conventional progesterone 
receptor binding Inhibitors having a steroid skeleton. 

A pharmaceutical composition comprising as an active ingredient a compound of the present invention can be 
administered either orally or parenterally (e.g.. intravenous injection, intramuscular injection, subcutaneous administra- 
tion, rectal administration, percutaneous administration) to humans or animals other than humans. 

The pharmaceutical composition comprising as an active Ingredient a compound of tiie present Invention may be 
made into a preparation suitable for an administration route to be adopted. Specifically, it may be made Into any of tiie 
following preparations: an injection for intravenous or intramuscular Injection; a capsule, a tablet, a granule, a powder, 
a pill, fine subtilaes. or a troche for oral administration; a preparation for rectal administration; an oleaginous supposi- 
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tory; and an aqueous suppository. The above-described various preparations can be prepared by a conventional 
method i^ing an exctpient, a filler, a binder, a wetting agent, a disintegrating agent, a surface active agent, a lutxicant. 
a dispersing agent, a buffer, a preservative, a solubiiizer. an antiseptic, a flavor, a soothing agent, a stabilizer and the 
lika Examples of the above additives wNch are nontoxic and emplcyaksle in the preparations include milk sugar, fruit 

5 sugar, grape sugar, starch, gelatin, magnesium cartx>nate, synthetic magnesium silicate, talc, magnesium stearate. 
methyl cellulose, cait>oxymethyl cellulose or a salt thereof, gum arable, polyethylene glycol, syrup, vaseline, glycerin, 
ethanol. propylene glycol, citric add, sodium chloride, sodium sulfite and sodium phosphate. 

The dosage of the compoufKi of the present invention is properly determined in consideration of the symptom and 
the age and sex of a patient for each case. However, for the treatment of the at)Ove diseases, in particular, as a contra- 

10 ceptive pill or an carcinostatic agent for breast cancer or ovarian cancer, in case of intravenous injection, 0.01 mg/kg to 
1000 mg/kg, preferably 0.1 mg/kg to 100 mg/kg of the compound is generally administered per day for adult human, 
desirably at one time or several times. In case of intramuscular injection. 0.01 mg/kg to 1000 mg/kg. preferably 0.1 
mg/kg to 1 00 mg/kg of the compound is generally administered per day for adult human, desirat^ly at one time or several 
times. In case of oral administration, 0.5 mg/kg to 2000 mg/kg, preferably 1 mg/kg to 1000 mg/kg of the compound is 

IS generally administered per day for adult human, desirably at one time or several times. 

Preparation of compound represented bv formula f n 

Preferably, the compounds represented by the formula (I) according to the present invention can be prepared by 
20 the following processes. 

The compound represented by the formula (I) according to the present invention can be prepared by providing sub- 
stance PF1092C as a starting compound and modifying the starting compound. 

(a^ Acvlation of hvdroxyl group at 6- and 7-positiQns 

25 

Substance PF1 092C has a free secondary hydroxy! group at Ks 6- arKi 7-positions. One of them is a hydroxyl group 
at the position of allyl. Therefore, a substituent may be selectively introduced by taking advantage of a difference in 
reactivity. 

Specifically, substance PF1092C may be reacted with a reagent capable of acylating a hydroxyl group, such as an 
30 acki halide or an add anhydride, in tiie presence of an equivalent or excess amount of a base to acylate the hydroxyl 
group at the 6- and 7-positions. Eitiier or both of the hydroxyl groups may be selectively acylated by selection of the rea- 
gent, the amount of the reagent added, the reaction temperature, and the reaction time. 

Selective introduction of an acyl group into the hydroxy! group at the 7-posrtion may be carried out by reacting sub- 
stance PF1 092C with one to three equivalents of an acylating agent In a solvent inert to the reaction (for example, meth- 
35 yiene chloride, chloroform, 1,2-dichloroethane, benzene, or toluene) in the presence of one to three equivalents of a 
suitably bulky organic base (for example, diisopropylethytamine, isopropylcyclohexylamine or the like witii one to three 
equivalents of dilsopropylethylamine being preferred) at 20 to 30^C for 1 to 24 hr. 

Selective introduction of an acyl group into the hydroxyl group at the 6-position may be carried out by any of the 
following two methods. 

40 The first mettiod is to react substance PF1092C with one to three equivalents of an acylating agent R^*COX, 
wherein R^* and X are as defined above, In a solvent inert to the reaction (for example, methylene chloride, chloroform. 
1,2-dichloroetiiane, benzene, or toluene) In the presence of 1 to 1.5 equivalents of an organic base (for example, 4- 
dimelhylaminopyridine, lutldine, or collidine with 1 to 1 .5 equivalents of 4-dime1hylaminopyridine being preferred) at 20 
toSO'^Cfon to24 hr. 

45 The second method Is a method, utilizing a sityt protective group, wherein after protection of the hydroxyl group at 
the 7-position witii a silyl group, the hydroxyl group at the 6-position is acylated and. in the final stage, the protective 
group is removed. More specifically, substance PF1092C is reacted with an equivalent or excess amount of a silylating 
agent in a solvent (for example, dimethylformamide, acetonitrile. methylene chloride, chloroform, or THF) In the pres- 
ence of a base (for example, imidazole, pyridine. 4-dimethylaminopyridlne, lutidine, collidinelmidazole with 2 equiva- 

50 lents or excess amount of imidazole being preferred) at 0 to SO^'C for 1 to 24 hr. The silylating agent is not particularly 
limited, and silylating agents usable herein include, for example, those wherein the silyl group Is t-butyldlmethytsllyl. iso- 
propyldlmethylsilyl. or ethyldlmethylsilyl. Silylating agents wherein the silyl group is t-butyldimethylsilyl (TBDMS) 
include, besides TBDMSCI, TBDMSOCIO3, TBDMSOSO2CF3, and TBDMSCN. Preferably. TBDMSCI is used in an 
equivalent or excess amount. The resultant substance, of which the hydroxy! group at ttie 7-position has been protected 

55 with a silyl group, is then reacted with an equivalent or excess amount of an acylating agent in a solvent (for example, 
methylene chloride, chloroform. 1 .2-dichloroethane. benzene, or toluene) in tiie presence of a base (for example, an 
organic base, such as 4-dimethylaminopyrtiine. pyridine, lutidine, collidine, triethylamine. or dilsopropylethylamine) at 
0 to lOO^C for 1 hr to 2 days, thereby acylating the hydroxyl group at the 6-position. Thereafter, the silyl protective group 
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is removed to prepare a oorrpound with the hydroxyl group at the 6-posrtion being acylated. The removal of the protec- 
tive group may be carried out by reacting the compound having the protective group with an equivalent or excess 
amount of a fluoride reagent, such as tetrabutylammonium fluoride (TBAF). hydrogen fluoride-pyridine complex or 
cesium fluoride, acetic acid, trif luoroacetic acid, hydrochloric add or the like in a suitable solvent (THF, methylene chlo- 
ride, acetonitrile or the like) at 20 to 100*»C for 30 min to 5 hr. The use of an equivalent or excess amount of TBAF or 
hydrogen fluoride-pyridine complex is prefen-ed. 

Further, an acyl group may be introduced into the two hydroxy! groups respectively at the 6- and 7-positions by the 
following method. Specifically, substance PF1092C may be reacted with 4 to 5 equivalents of an acylating agent or an 
add anhydride in a solvent (for example, methylene chloride, chloroform, 1 ,2<jichloroethane, benzene, or toluene) in 
the presence of a base (for example, an organic base, such as 4'<Jimethylaminopyridine. pyridine, diisopropylethyl- 
amine. lutidine, or cdlidine with 5 to 6 equivalents of 4-dimethylaiTtinopyridine or 5 equivalents or excess amount of pyri- 
dine being preferred) al 20 to 30*^0 for 1 to 24 hr. 

Furthermore, it is also possible to simultaneously synthesize, as a mixture, a compound with both the hydroxyl 
groups at the 6- and 7-positions being acylated. a compound with only the hydroxyl group at the 6-po6ition being 
acylated. and a compound with only the hydroxyl group at the 7-position being acylated. Specifically, substance 
PF1092C is reacted with a large excess of an acylating agent or an acid anhydride in a solvent (for example, methylene 
chlorkle, chloroform, 1 .2-dichloroethane. benzene, or toluene) in the presence of a suitably bulky organic base (with 2 
to 1 0 equivalents of diisopropyl ethyl amine being preferred) at 20 to 30*^0 for 5 to 24 hr. Thereafter, the three compounds 
may be separated from one another by suitable separating means (for example, silica gel column chromatography). 

For the compound, with only the hydroxyl group at the 6- or 7-position acylated, prepared by the above method, the 
remaining hydroxyl group may further be modified. Further, the compounds represented by the formula (I) may be pre- 
pared by alKoxyalkylation. alkylation. carbamoylation, suHonylation, or modification with acetal. as described in this 
specification. 

(b^ CafbamovlaHon of hvdroxvl orouDS at 6- and 7-positions 

The hydroxyl groups respectively at the 6- and 7-positions of substance PF1092C may be carbamoylated as fol- 
lows. 

Specifically, substance PF1092C may be reacted with an equivalent or excess amount of an isocyanate in a solvent 
(for example, DMF, methylene chloride, chloroform, benzene, or toluene) in the presence of a base (for example, an 
organic base, such as 4-dimethylaminopyridine, pyridine, lutidine, collidine. triethylamine, or diisopropylethylamine with 
a catalytic amount of 4-dimethylaminopyridine being preferred) at 25 to 120°C for 1 to 24 hr. Thus, three compounds, 
i.e.. a compound with both the hydroxyl groups at the 6- and 7-positions being cartjamoylated. a compound with only 
the hydroxyl group at the 6-position being cait>amoylated, and a compound with only the hydroxyl group at the 7-posi- 
tion being carbamoylated. are obtained as a mixture. Thereafter, the three compounds may be separated from one 
another by suitable separating means (for example, silica gel chromatography). 

Aftematlvely, after protection of the hydroxyl group at the 7-position with a silyl group by the above method, the 
hydroxyl groip at the 6-position may be carbamoylated foltowed by removal of the protective group to prepare a com- 
pound with the hydroxyl group at the 6-positfon being selectively cart5amoylated. 

Furthermore, for the conpound, with only the hydroxyl group at the 6- or 7-position acylated. prepared by the above 
method, the remaining hydroxyl group may be further nrwdif ied. Furthermore, the compounds represented by the for- 
mula (I) may be prepared by alkoxyalkylatfon. alkylation. cari3amoylatlon, suHonylation, or modification with acetal. as 
described in this specification. 

(c) AlkylQxvlation or alkoxvalkvloxylation of hydroxyl grou p at 6- and 7-positions 

The hydroxyl groups respectively at the 6- and 7iX)srtions of substance PF1092C may be alkyloxylated or alkoxy- 
alkytoxylated as follows. 

Specifically, the alkytoxylation may t>e carried out by reacting substance PF1092C with R*^-X. wherein R repre- 
sents optionally substituted CrC^o alky! or optionally siA)Stituted C7-C15 aralkyi and X represents a halogen atom, in a 
solvent (for example, toluene. DMF, methylene chloride, chloroform, or benzene) in the presence of a base (for example, 
a metal hydride such as sodium hydride or potassium hydride) at a temperature of -40 to 40°C for 5 min to 2 days. 

On the other hand, the alkoxyalkyloxylation may be carried out by reacting substance PFI 092C with R*^-X. wherein 
R** represents optionally substituted C2-C12 alkoxyalkyl and X represents a halogen atom, in a solvent (for example, 
methylene chloride, chloroform, benzene, or toluene) in the presence of a base (for example, an organic base such as 
pyridine, lutidine, collidine, triethylamine. or diisopropylethylamine) at a temperature of 20 to 100**C for 10 to 24 hr. 

As a result of the above reaction, a compound with the hydroxyl group at 6- or 7-position being alkyloxylated or 
alkoxyalkyloxylated can be obtained. 
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For the compound, with only the hydroxyl group at the 6- or 7-position alkyloxylated or alkoxyalkytoxylated. pre- 
pared by the above method, the remaining hydroxy! group may be further modified. Further, the compounds repre- 
sented by the formula (I) may be prepared by alkoxyalkylation. alkylation. caibamoylation, sutfonylation. or modification 
with acetal, as described in this specification. 

5 

(d) Modification with acetal 

Modification of substance PF1092C with acetal may be carried out by reacting substance PF1092C with an equiv> 
alent or excess amount of a dihydro ether, such as dihydropyran, dihydrofuran. or ethyl vinyl ether, in a solvent (for 
10 exanple, toluene, benzene, methylene chloride, or chloroform) in the presence of an acid (for example, p-toiuenesul- 
fonic add, or pyridinium p-toluenesulfbnic acid preferably in an amount ranging from a catalytic amount to 3 ec^lvalents) 
at 20 to 100°C for 10 min to 3 hr 

(e) Introduction of substituent having a configuration into 7-DOsition 

IS 

Although the hydroxyl group at the 7-position of substance PF1092C is of p configuration, a substituent having a 
configuration can be stereoselectively introduced into the 7-position t>y the following method. 

Specifically, substance PF1092C may be reacted with a suKbnyl halide in the presence of an equivalent or excess 
amount of a base and, immediately after that, reacted with a nudeophilic reagent, such as water, alcohol or potassium 

20 acetate, to give a 7a-o-substituted derivative wherein the 7-position has been subjected to Walden inversion. 

More specifically, substance PF1092C is reacted with a sulfbnyl halide in a solvent (for example, methylene chlo- 
ride, chloroform, benzene, or toluene with methylene chloride being preferred) in the presence of a base (for example, 
an organic base, such as diisopropylethylamine. pyridine, lutidine, collidine, triethylamine. or 4-dimethylaminopyridine, 
preferably 1 to 3 equivalents of diisopropylethylamine) at -30 to 10^0 for 5 min to one hr. followed by nudeophilic sub- 

25 stitution. Sulfonytating agents usable herein include, besides methanesulfonyl chloride, p-toluenesulfbnyl chloride and 
benzylsulfonyl chloride. In many cases, however, use of 1 to 2 equivalents of methanesulfonyl chloride offers good 
results. Nudeophilic reagents usable herein include water, alcohols, such as methanol, ethanol, and propanol. and 
metal salts of aliphatic carboxylic adds, such as potassium acetate, sodium acetate, potassium propionate, and sodium 
propionate. When the nudeophilic reagent is water or an alcohol, the reagent is used in an amount of 3 to 10 equiva- 

30 lents. Solvents usat>le in this reaction indude methylene chloride, chloroform, and acetonitrile with methylene chloride 
being prefenred. The reaction may be carried out at -30 to lO^C for 30 min to 5 hr. On the other hand, when the nude- 
ophilic reagent is a metal salt of an aliphatic carboxylic add, use of the reagent in an amount of 1 to 5 equivalents offers 
good results. Further, addition of a catalytic amount of a crown ether, such as 1 8-crown-6. accelerates the reaction. Sol- 
vents usable in this reaction include acetonitrile. chloroform, and methylene chloride with acetonitrile being preferred. 

35 The readion may be can^ied out at 0 to 30**C for 30 min to 6 hr. 

For the compound, with only the hydroxyl group at the 7-position being substituted, prepared by the above method, 
the remaining hydroxyl group may be further modified. Further, the compounds represented by the formula (I) may be 
prepared by alkoxyalkylation. alkylation. cartiamoylation. sulfbnylation. or modification with acetal, as described in this 
specification. 

40 

ffl Introduction of amino arouo into 6- or 7 position 

An oxazdine ring may be constructed at the 6- or 7 - position of substance PF1092C followed by a ring-opening 
reaction to introduce an amino group into the 6- or 7-position. 
45 Substance PF1092C is reacted with a nitrile in the presence of an excess amount of 2-acetQxyisobutyryl bromide 
to give an oxazdine derivative with a nitrogen atom introduced at the 6- or 7-posrtion in p configuration. The oxazoline 
derivative is then reacted with a nudeophilic reagent, such as water or an alcohol, in the presence of a suitafcjle acid 
catalyst to give a novel compound with the 6- or 7-F>osition being acylaminated. In the formation of the oxazoline ring, 
the amount of 2-acetoxyisobutyryl bromide used is preferably an equivalent or excess amount. A nitrile corresponding 
so to an acylamino group to be introduced, for example, acetonitrile, propionitrile, or benzonitrile, is used as a solvent in 
the reaction. The reaction may be carried out at -40 to 50*C for 10 min to 24 hr. In the subsequent ring-opening reaction, 
besides water, an alcohol, such as methand or ethanol. may be used as the nudeophilic agent. Use of 0.1 to several 
equivalents of an organic acid, such as p-toluenesulfonic add or trif luoromethanesulfonic add, as the add catalyst is 
preferred. When the nudeophilic reagent is water, use of an excess amount of an organic base, such as pyridine, is pre- 
ss ferred from the viewpoint of preventing the system from becoming acidic. The reaction may be carried out at - 20 to 
120*»Cfbr1 toShr. 



17 



EP0 885 893 A1 

(q) Total synthesis of compounds represented bv formula m (part 1^ 

According to another entxxiiment of the present invention, total synthesis of substance PF1092C as described in 
the following scheme has been established, permitting total synthesis of the compounds represented by the formula (I). 
5 The synthesis will be descrbed in the order of description of scheme. 

10 
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Scheme 1-2 



Route A Route B 

(5) (8) 




(6) 




(I) 



A compound (1) (vinyftrimethylsilane) is converted to a halide in the presence of a base, and the halide is then 
reacted with magnesium to give a Qrignard reagent. The Grignard reagent is then reacted with an aldehyde to give an 
alcohol compound which is then oxidized to give a compound (2) wherein is as defined above in connection with the 
formula (I). Halogenating agents usatsle for the halogenation include bromine, chlorine, and iodine, and the amount of 
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the halogerating agent used is preferably 1 to 2 equivalents. Bases usable herein include organic bases such as 
diethyfamtne, and the amount of the organic base used is preferably 1 to 5 equivalents. The halogenation may be car- 
ried out at -78 to O^C for 1 to 24 hr. Aldehydes usable in the subsequent Grignard reaction include acetaldehyde and 
propionaldehyde. and the amount of the aldehyde used is preferably 1 to 2 equivalent The reaction may be carried-out 

5 in a solvent such as THF or ether, at 80 to 1 20*^0 for 1 to 6 hr. The oxidation may be any commonly used oxidation, and 
a preferred example thereof is oxidation with Jones' reagent. 

Then, a compound (4). wherein is as defined above in connection with the formula (I), is synthesized as follows. 
Specifically, the compound (2) and a compound (3) described in a literature (Liebigs Ann. Chem., 186-190, 1982) are 
subjected to Michael addition in the presence of an alkyllithium. such as methyllithium to give a coupling compound 

10 which is then cydocondensed with a base to give the conpound (4). In the compound (4), two methyl groups are ster- 
ically regulated to cis configuration. In tiie Michael addition, the amount of the alkyllithium used is preferably 1 to 3 
equivalents, and solvents usable in this reaction include aprotic solvents, such as etiier, THF, and dimethoxyethane, 
witti dimethoxyethane being preferred. The reaction may be earned out at a temperature of -78 to a°C for 30 min to 6 
hr. In tiie subsequent cyclocondensation. 1 to 3 equivalents of a metal alcoholate, such as sodium methoxide, is pref- 

15 erably used as the base. The reaction may be carried out at 0 to 100°C for 30 min to 6 hr. 

The compounds represented by the formula (1) are synttiesized via synthesis route A or B depending upon . Spe- 
cifically, in the case of compounds wherein R^ is a substa'tuent introduced by a cariaon-carbon bond, the compounds are 
synttiesized via the synthesis route B. while the otiier compounds are synthesized via the synthesis route A. 

20 Synthesis route A 

A compound (5), wherein R^ and R^ are as defined above in connection with the formula (1), may be synthesized 
as follows. Specifically, the compound (4) is regioselectively dehydrogenated to give a A^'^^-diene form which is then 
subjected to a Michael addition reaction with an organocopper reagent to give a compound (5) with an alkyl group irttro- 
25 duced thereinto. For the above dehydrogenation, 1 to 3 equivalents of DDQ is preferably used. The reaction may be car- 
ried out in a solvent, such as toluene, benzene, xylene, or dioxane. at a tenperature of 30 to ISO^'C for 5 to 24 hr. For 
the Michael addition reaction, the amount of tine organocopper reagent used is preferably 3 to 10 equivalents. The reac- 
tion may be carried out in an aprotic solvent such as ether or TIHF, at a temperature of -50 to (y*C fbr 15 to 20 min. For 
compounds wherein R^ represents a hydrogen atom, ttiis step is omitted, and steps after tiie compound (4) are can-led 

30 out 

A compound (6). wherein R^, R"*, and R^ are as defined above in connection with the formula (1) and R^ represents 
a hydrogen atom or Ci -Ce lower alkyt. may be synthesized as follows. The compound (5) is condensed with a keto ester 
in the presence of a base and optionally a catalytic amount of zinc chloride by aldol condensation to give the compound 
(6). When R"* in the compound (6) represents alkyl, organic bases commonly used in conventional aldol reactions may 

35 be used as the t>ase. For example, use of 1 to 3 equivalents of lithium diisopropylamide is preferred. Further, addition 
of a catalytic amount of dried zinc chloride Is preferred. The reaction may be candied out in a solvent such as THF or 
ether, at a temperature of -78 to 0*C for 30 min to 6 hr. On the otiier hand, when R"^ represents a hydrogen atom, pre- 
ferred bases include water-soluble inorganic bases, such as sodium hydroxide and potassium hydroxide, with use of a 
large excess amount of water-soluble sodium hydroxkie being more preferred. The reaction may be carried out in an 

40 alcohol scMvent (preferably ethanol) at a temperature of 20 to 100°C fbr 30 min to 6 hr. 

A compound (7), wherein R^, R^, and R^ are as defined above in connection witii the fbrmula (1), may be prepared 
by heating tiie compound (6) in tiie presence of an add catalyst. The acid catalyst is preferably an organic add. such 
as 0.1 to several equivalents of p-toluenesuHbnic acki. The reaction may be carried out in a solvent, such as benzene 
or xylene, preferably toluene, at a temperature of 0 to 1 0O^'C for 30 min to 6 hr. 

45 Compounds represented by tiie fbrmula (II) may be prepared by a reduction of the compound (7) with sodium boro- 
hydrkje. The hydrcxyf group at tiie 6-position of the resultant compounds is generally of ^ configuration. Reducing 
agents usable herein include lithium tx)rohydride and tetrabutylammonlum borohydride. Among them, sodium borohy- 
drkie is preferred. The amount of the redudng agent used is 1 to 5 equivalents. The reaction may be carried out in an 
alcohol solvent (preferably methanol) at a temperature of -10 to SO'^C fbr several min to 3 hr. 

so Conversion of tiie compound represented by the formula (II) to the compound represented by tiie fbrnula (I) may 
be carried out as follows. 

At the outset, introduction of a hydroxyl group into the 7-posrtion of the compound represented by the formula (II) 
may be carried out by oxidation with an oxkiizing agent (fbr example, selenium dioxkie, DDQ, or manganese dioxide 
with a large excess amount of selenium dioxkJe being preferred) in a solvent (fbr example, dioxane, acetic acid, etiianol, 
55 t-butanol, or water with dioxane being preferred). In general, the hydroxyl group at the 7-position of the resultant com- 
pound is generally of p configuration. The reaction may be carried out at a temperature of 20 to 60**C for one hr to sev- 
eral days. 

The hydroxy! group at the 6- and 7-posrtions of tiie compound thus obtained may be reacted in the same manner 
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as described above in connection with the reaction using substance PF1092C as a starting compound to give the com- 
pound represented by the formula (Q. 

Synthesis route B 



A connpound (8), wherein and are as defined above in connection with the formula (I), may be prepared by 
deketalizing the compound (4) and then introducing a regioselective protective group into the enone. The deketalization 
may be carried out using an aqueous sodium perchlorate solution or an inorganic acid, such as hydrochloric add or sul- 
furic acid, with use of 0.1 to 1 .0 equivalent of an aqueous sodium perchlorate solution being preferred. The reaction may 

10 be carried out in a solvent (for example, methylene chloride, chloroform, benzene, or toluene) at a temperature of -25 
to 25''C for 1 to 5 hr. The protection of the enone may be generally carried out with a reagent used for the conventional 
acetallzation, and use of 1 to 5 equivalents of 1,2-bis(trimethylsilylQxy}ethane is preferred. In the reaction, addition of a 
catalytic amount of trimethylsilyttrrf luoromethane sulfonate is preferred. The reaction may be carried out in a solvent (for 
example, methylene chloride, chloroform or toluene with methylene chloride being preferred) at a temperature of -78 to 

IS 0*^0 fbr 3 to 7 days. 

A compound (9). wherein R** , R^. and R^ are as defined above in connection with the formula (I), may be prepared 
by reacting the compound (8) with an alkyi halide in the presence of a base to alkylate the a position of the ketone and 
subsequently conducting a reduction and deprotection. Bases usat^le in the alkylation include those used in the con- 
ventional alkylation. The t>ase is preferat)ly lithium diisopropylamrde. and the amount thereof is preferably 1 to 2 equiv- 

20 alents. The alkylation may be carried out in a solvent, such as THF or ether, at a temperature of -78 to 25*'C for 2 to 6 
hr. The reduction may be carried out with a reducing agent, such as lithium borohydride, sodium txsrohydride, or 
tetrabutylammonium borohydride, and use of 1 to 5 equivalents of lithium borohydride is prefened. The reaction may be 
carried out in an alcohol solvent (preferably methanol) at a temperature of -10 to 50°C for 6 to 14 hr. Add catalysts usa- 
ble in the subsequent deprotection indude organic acids such as p-toluenesulfonic acid, and the amount thereof is pref- 

25 erably 0.1 to 1 equivalent. The reaction may be carried out in a solvent (for example, acetone, benzene, xylene, or 
toluene with acetone being preferred) at a temperature of 0 to 50*^0 for 30 min to 2 hr. 

A compound (10), wherein R^, R^, and R^ are as described above in connection with the formula (I). R^ represents 
a hydrogen atom or lower alkyI and P"* represents a protective group for the hydroxyl group, may be prepared as follows. 
At the outset, tiie hydroxy! group of the compound (9) is protected. Protective groups usable herein include conventional 

30 protective groips used for the hydroxyl group, and p-metiioxyethoxymethyl (MEM) is preferred with the amount thereof 
being preferably 5 to 10 equivalents. The reaction may be carried out in a solvent (for example, DMF or dioxane with 
DMF being preferred) at a temperature of 0 to 50*^0 for 20 to 40 hr. Subsequentiy. the protected compound is con- 
densed with a-keto ester by aldol condensation in the presence of a base arxi optionally a catalytic amount of zinc chlo- 
ride to give the compound (10). Bases usable herein include organic bases used in conventional aldol reaction, and 

35 lithium diisopropylamide is preferred with the amount tiiereof being preferably 1 to 3 equivalents. The zinc chloride is 
preferably a catalytic amount of dried zinc chloride from the viewpoint of yield. The reaction may be carried out in a sol- 
vent, such as THF or ether, at a temperature of -78 to 0°C for 30 min to 6 hr. 

The resultant compound (10) may be heated in the presence of an acid catalyst to give the compound represented 
by the formula (I). Acid catalysts usable herein include organic acids such as p-toluenesulfonic acid with the amount 

40 thereof being preferably 0.1 to several equivalents. The reaction may be carried out in a solvent (for example, benzene, 
toluene, or xylene with benzene being preferred) at a temperature of 0 to 100**C for 30 min to 6 hr. Thereafter, the pro- 
tective group for the hydroxyl group at the 6-position Is removed, and the hydroxyl group may be reacted in the same 
manner as descrbed above in connection with the reaction using sut>stanoe PF1092C as a starting compound to give 
the compound represented by the formula (1). 



(h\ Total svnthesis of conripQunds represented by formula (I) (part 2) 

According to still another embodiment of the present invention, total synthesis of substance PF1092C as described 
in tiie following scheme has been established, permitting total synthesis of the compounds represented by the formula 
so (I). The synthesis will be described in the order of descriptton of the scheme. 
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Scheme 2 
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In the process represented by the above scheme, (R)-(-i-)-5-hydroKymethyl-2(5)-1uranone is used as a starting com- 
pound. 

At the outset, the hydrotxyl group at the 6-position of the starting compourKi is protective with a protective group (for 
example, trityl group), and the compound is then reacted with a copper reagent, such as methylcopper lithium, to intro- 
duce methyl into the 4-posrtion. Thereafter, methyl iodide is added thereto in the presence of lithiumbistrimethylsilyla- 
mide to introduce a methyt group at the a position (3-position} of the carbonyt. The protective group is then removed by 
known means to give a compound (11). Subsequently, the hydroxyl group in the compound (1 1) is oxidized, for exam- 
ple, with dimethylsullbxide to give an aldehyde which is then subjected to acetal protection using, for example, methyl 
orthoformate to give a compound (1 2). 

The compound (1 2) is then reacted with benzenesulfonylmethyl in the presence of a base to give a benzenesulfbnyl 
compound (13). Preferably, one to two equivalents of an organic base, such as n-butyllithium, is used as the base. The 
reaction may be carried out in a solvent (for example, THF or diethyl ether) at a temperature of -78 to O^C for 30 min to 
6hr. 

A compound (14), wher^n P represents a protective group for a hydroxyl groip, may be prepared t>y protecting the 
hydroxyl group of the compound (13) with a protective group, such as t-butyldimethylsily and then conducting a ring- 
opening reaction in tiie presence of a base. Silylating agents usable herein Include t-butyldimethylsilyl chloride and t- 
butyldimethylsilyltrifluoromethane sulfonate, and use of 1 .5 to 5 equivalents of t-butyldcmethylsilyltrif luoromethane sul- 
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Ibnate is preferred. Preferred bases include organic bases such as triethylamine and 2.6-lutidlne and imidazole with 3 
to 10 equivalents of 2,6-lutfdine being preferred. TTie reaction may be carried out in a solvent (for example. THF. diethyl 
ether or methylene chloride with THF being preferred) at a temperature of 0 to 50*C for 10 to 20 hr. 

The compound (14) is then subjected to a ring-closing reaction with a Lewis acid to give a cyclohexenone (15) with 

5 two asymmetric centers. The Lewis acid is preferably tin tetrachloride with the amount thereof being preferably 1 to 2 
equivalents. The reaction may be carried out in a solvent (for example, acetonitrile, benzene, toluene, or methylene 
chloride with methylene chloride being preferred) at a temperature of -78 to 0°C for 1 to 5 hr. 

The double bond of the compound (15) is reduced to give a compound (16). Preferred reducing agents include alu- 
minum-mercury amalgam with the amount thereof being preferably 10 to 20 equivalents. The reaction may be carried 

10 out in a solvent (for example, diethyl ether or THF with diethyl ether being preferred) at a temperature of 0 to 25°C for 1 
toShr. 

The resultant compound (16) and 3-trimethylsilyl-3-buten-2-one may be subjected to Michael addition and cycloco- 
ndensation In the presence of a base to give a bicydic compound (1 7) with two nfiethyt groups being sterically regulated 
to ds configuration. An alkyllithium, such as methyllithlum, is used as a reagent in the Michael addition, and use thereof 
15 in an amount of 1 to 3 equivalents is preferred. The reaction may be carried out in an aprotic solvent, such as diethyl 
ether, THF. or dimethoxyethane, preferably dimethoxyethane, at a temperature of -78 to 0°C for 30 min to 6 hr. The sub- 
sequent cydocondensation may be carried out in the presence of a base (for example, a metal alcoholate, such as 
sodium methoxide. with the amount thereof being preferably 1 to 3 equivalents) at a temperature of 0 to 100*»C for 30 
min to 6 hr. 

20 Subsequently, the compound (1 7) is condensed with a-keto ester by aldol condensation in the presence of a base 
and optionally a catalytic anxjunt of zinc chloride to give a compound (1 8) wherein R"^ is as defined above in connection 
with the formula (I). Bases usable herein include those used in conventional aldol reaction, and use of 1 to 3 equivalents 
of WhiumdHrimeiiylsilylamide is preferred. The zinc chloride is preferably a catalytic annount of dried zinc chloride from 
the viewpoint of yield. The reaction may be earned out in a solvent, such as THF or ether, at a temperature off -78 Id 0*C 

25 for 30 min to 6 hr. 

The compound (18) may be heated under ref hjx in the presence of an acid catalyst to give a compound (1 9). Acid 
catalysts usable in the ring-dosing reaction include organic acids, such as camphorsulfonic add. with the amount 
thereof being preferably 0.1 to several equivalents. The reaction may be canied out in a solvent (fbr example, 1 .4-diax- 
ane, benzene, or toluene with 1 ,4-dioxane being preferred) at a temperature of 0 to 150"C fbr 15 to 48 hr. 

30 The introduction of a hydroxyl group into the 7-position of the compound (19) may be can-ied out by oxidation with 
an oxidizing agent (for example, selenium dioxide, DDQ, or manganese dioxide with a large excess amount of selenium 
dioxide being preferred) in a solvent (for example. 1 .4-dioxane. acetic acid, ethanol. t-butanol, or water with 1 .4-dioxane 
being prefen-ed). In general, the hydroxyl group at the 7-position of the resultant compound is generally of p configura- 
tion. The reaction may be carried out at a temperature of 30 to 100*^0 for one hr to several days. 

35 The hydroxyl group at the 6- and 7-positions of the compound thus obtained may be reacted in the same manner 
as described above in connection with the reaction using substance PF1092C as a starting compound to give the com- 
pound represented by the formula (I). 

(fi Resolution off racemic compounds 

40 

The confounds represented by the formula (I) according to the present invention may exist as the above various 
isomers, and racemic derivatives may be resoluted by optical resolution using a chiral column. Chiral columns usable 
herein include a polymer stationary phase column, a protein stationary phase column, and a cellulosic stationary phase 
column. A prefen-ed mobile phase usable herein is phosphate buffer-acetonitrile fbr the protein stationary phase column 
45 and hexane-isopropanol fbr the cellulosic stationary phase column. 

Substance PF1 092 

The starting material of the above process for the production of the compound of the formula (I) may be prepared 
so by culturing strain PF 1092 described below. 

1 . Mycological properties of strain PF1092 

(l)Cultural characteristics: 

55 

It forms a colony of 30 to 40 mm in diameter on Czapek yeast extract agar medium after culturing at 25»C for 7 
days. The colony is white and funiculose, and forms conidia scatteringly. Backside of the colony becomes light brown. 
It grows well on malt extract agar medium, and diameter of its colony reaches 40 to 45 mm after cuHuring at 25**C for 7 
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days. The colony is white and funiculose. forms oonidia slightly and produces light brown extract Backside of the colony 
becomes light mud yellow. At 37 ^'C. its growth and formation of contdia are superior to those at 2S^C on all media. 

(2) Morphological characteristics: 

5 

Conidiophore stands straight almost vertically from aerial mycelium, is rough-surfaced and has a size of 30-70 x 
2.5-8.5 ^m. Penicilli are monoverticillate. Four to eight phialides are formed on conidiophore, each being needle-like 
and having smooth to slightly rough surface and a size of 8-10 x 2.5-3.0 ^m. Conidium is glotx)se to subglobose. flat 
with slightly depressed sides, and has smooth surface and a size of 2.0-2.5 nm. 
10 On the t>asis of the above mycdogicai characteristics, this strain was identified as the genus Penid Ilium . 

This strain has been deposited in National Institute of Bioscience and Human Technology Agency of Industrial Sci- 
ence and Technology, as international deposition number under Budapest Treaty; PERM BP-5350. 

As can be found in other fungi, strain PF1092 is apt to change its properties. For exanrple. not only strain PP1092 
but also all of its mutant strains (spontaneous or induced mutants), zygotes and genetic recombinants can be used, pro- 
15 vided that they can produce sutsstances PFI 092. 

2. A method of cuKuring sut)stance PF1092 producing strain 

Hie substance PFI 092 producing strain is cultured using a medium containing nutrients which can be utilized by 
20 ordinary microorganisms. As the nutrient sources, known materials conventionally used for the culturing of fungi can be 
used. Examples of usable cartxx>n sources include glucose, sucrose, starch syrup, dextrin, starch, glycerol, nrx^lasses. 
animal and plant oils and the like. Examples of usable nitrogen sources include soybean meal, wheat germ, corn steep 
liquor, cotton seed meal, meat extract, peptone, yeast extract, ammonium sulfate, sodium nitrate, urea and the like. In 
addition to these nutrienis. it is effective to add inorganic salts which can release sodium, potassium, calcium, magne- 
25 slum, cobalt, chlorine, phosphate, sulfate and the like ions as occasion demands. Also, certain organic and inorganic 
substances which can assist the fungal growth and enhance the production of substances PFI 092 may be added prop- 
erty. 

Preferably, the culturing may be carried out under aerobic oonditions, particulariy by static culturing using a rice 
medium or t>y submerged cuHuring. Suitable culturing temperature is 15 to 40 **C. but the culturing is carried out at 
30 about 26 to 37 in most cases. Though it varies depending on the medium and culturing conditions employed, accu- 
mulation of produced substances PF1092 reaches its maximum generally atter 10 to 20 days of culturing in the case of 
static culturing using a rice medium or generally after 2 to 10 days of shaking or fermentor culturing. The culturing is 
completed when maximum accumulation of substances PFI 092 is obtained, and the desired subsiance is isolated and 
purified from the culture broth. 

35 

3. Purrication of substances PF1092 

Sutistances PFI 092 thus obtained by the present invention can be extracted and purified from the cultured mixture 
making use of its properties by usual separation means such as solvent extraction, ion exchange resin method, absorp- 

40 tion or partition chromatography; gel filtration, dialysis, precipitation and the like, alone or in an appropriate combination. 
For example, sut)stances PF1092 can be extracted with acetone-water or etiiyl acetate after culturing using a rice 
medium. In order to further purity sut)siances PFI 092, a chromatography may be carried out using an adsort>ent such 
as silica gel (for example. Wakogel C-200 manufactured by Wato Pure Chemical Industries), alumina or the like or 
Sephadex LH-20 (manufactured by Pharmacia). Toyo Peari HW-40SF (manufactured by Tosoh) or the like. 

45 By carrying out such techniques alone or in an optional combination, highly purried substance PFI 092 A. sub- 
stance PF1092B and substance PF1092C are obtained. Physico-chemical properties and chemical structures of the 
thus obtained substances PFia92A, PF1092B and PF1092C are as follows. 

1 . Physico-chemical properties and chemical structure of substance PF1092A: 

so 

(1) Color and shape: coloriess needle crystals 

(2) Molecular formula: C17H20O5 

(3) Mass spectrum (FD-MS): m/z 304 (M)^ 

(4) Specific rotation: [ab » -10.86'' (s 0.5, CHCI3) 
55 (5) UltFaviolet ray absorption spectrum 

Xmax: 322 (17,500) nm(e) (in methanol) 

(6) Infrared absorption spectrum: measured in KBrtat)let (see Fig. 1) 

(7) ^ HNMR Spectrum: measured in CDCI3 solution (see Fig. 2) (PPm): 5.97 (1 H), 5.66 (1 H). 5.28 (1 H). 4.53 (1 
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H),2.83 (1H). 2.19(3H), 2.18 (1H), 2.05 (OH). 1 .97 (1H). 1.91 (3H). 1.15(3H). 1.10(8H) 

(8) ^^C NMR Spectrum: measured in CDCI3 solution (see Fig. 8) 

(PPm): 171.8 (s). 170.9 (s). 149.3 (s). 146.3 (s). 140.4 (s). 128.7 (d), 122.3 (s). 107.7 (d), 73.6 (d), 68.2 (d), 
40.2 (d). 37.8 (s). 35.6 (t). 21.0 (q), 20.9 (q). 12.7 (q). 8.6 (q) 

(9) Solubility: soluble in chloroform, acetone, ethyl acetate, methanol and dimethyl sulioxide. and insoluble in 
water and hexane 

(10) Basic, acidic or neutral: neutral sut>stance 

(1 1) Rf Value by silica gel thin layer chromatography (TLC) : 0.25 in hexane-ethyl acetate (1 :1)developing sol- 
vent 

Based on the above physico-chemical properties and X-ray crystallographic analysis, the chemical structure of 
the substance PF1092A was determined as the compound of the forumula (I) wherein is OH, R^ is CH3COO-. 
r3 and R^ are H. and R* is CH3. 

2. Physico-cherrucal properties and chemical structure of substance PF1092B: 

(1) Color and shape: colorless needle crystals 

(2) Molecular formula: C17H20O5 

(3) Mass spectrum (FD-MS): m/z 304 (M)+ 

(4) Specifc rotation: [a]o^^= -110.22*' (cO.5, CHC13) 

(5) Ultraviolet ray absorption spectrum Xmax: 320 (15,100) nm(e) (in methanol) 

(6) Infrared absorption spectrum: measured in KBr tablet (see Fig. 4) 

(7) ^H NMR Spectrum: measured in CDCI3 solution (see Fig. 5) 

(PPm): 5.95 (IH). 5.57 (1H). 5.46(1 H). 4.05 (1H). 2.84 (1H), 2.18(1 H). 2.15 (3H), 1.97 (OH), 1 .91 (3H). 1 .83 

(IH) . 1.23 (3H). 1.22 (3H) 

(8) ^^C NMR Spectrum: measured in CDCI3 solution (see Fig. 6) 

(PPm): 170.9 (s). 170.2 (s). 149.5 (s). 146.7 (s). 142.4 (s). 124.5 (d). 122.4 (s), 107.4 (d). 72.5 (d). 70.5 (d). 
41 .0 (d). 38.1 (s), 35.8 (t), 21.4 (q). 21.2 (q). 12.8 (q), 8.6 (q) 

(9) Solubility: soluble in chloroform, acetone, ethyl acetate, methanol and dimethyl sulioxide, and insoluble in 
water and hexane 

(10) Basic, acidic or neutral: neutral sii3Stance 

(1 1 ) Rf Value by silica gel thin layer chromatography (TLC): 0.42 in hexane-ethyl acetate (1 :1) developing sol- 
vent 

Based on the above physico-chemical properties and X-ray crystallographic analysis, the chemical structure of 
the substance PF1092A was determined as the compound of the forumula (I) wherein R^ is CH3COO-, R^ is OH. 
r3 and R^ are H. and R* is CH3. 

3. Physico-chemical properties and chemical structure of substance PF1092C: 

(1) Color and shape: colorless needle crystals 

(2) Molecular tormula: C15H18O4 

(3) Mass speetrum (FD-MS): m/z 262 (M)+ 

(4) Specific rotation: [alo^"* = -96.36* (fiO.5, CHCI3) 

(5) Ultraviolet ray absorption spectrum Xmax: 324 (14,900) nm(e) (in methanol) 

(6) Infrared absorption spectrum: measured in KBr tablet (see Fig. 7) 

(7) ^H NMR Spectrum: measured in CDCI3 solution (see Fig. 8) 

(ppm): 5.96 (IH), 5.64 (IH). 4.37 (1H). 3.93 (1H). 2.83 (IH), 2.22 (OH). 2.20 (OH). 2.17(1 H). 1.91 (3H). 1 .24 
(3H). 1.20 (3H) 

(8) ^^C NMR Spectrum: measured in CDCI3 

(ppm): 171 .0 (s). 149.3 (s), 146.7 (s). 141 .0 (s). 129.1 (d), 122.1 (s). 107.8 (d). 72.4 (d), 69.0 (d). 40.3 (d). 37.9 
(s). 35.8 (t), 21 .5 (q), 13.0 (q). 8.5 (q) 

(9) Solubility: soluble in chloroform, acetone, ethyl acetate, methanol and dimethyl sulfoxide, and insoluble in 
water and hexane 

(10) Basic, acidic or neutral: neutral substance 

(I I) Rf Value by silica gel thin layer chromatography (TT-C): 0.20 in hexane-ethyl acetate (1 :1) dveloping sol- 
vent 

Based on the above physico-chemical properties and X-ray crystallographic analysis, the chemical structure of 
the substance PF1092A was determined as the compound of the forunrujla (I) wherein R^ and R^ are OH, R^ and 
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r5 are H, and is CH3. 
EXAMPLES 

5 The present invention will be described in more detail with reference to the following examples, though it is not lim- 
ited to these examples only. 

Example A1 

10 (4aR.5R.6R.7SV6-Hvdroxv-7iaropionvl oxY-4a.S.6.7-t6trahydrQ-3.4a.5-trimethylnaphtho[^ 

Substance PF1092C (15 mg, 0.06 mmol) was dissolved in methylene chloride (0.3 ml). Diisopropylethytamine (25 
id, 0.14 mmol) and propionyl chloride (11 ^J, 0.13 mmol) were added to the solution under ice cooling, and the mixture 
was stirred under ice cooling for 30 min. The temperature was raised to 25''C. and the mixture was then stirred for addi- 
IS tional 17 hr. Water was added to the reaction solution, followed by extraction with chloroform. The organic layer was 
washed witii a 5% aqueous potassium hydrogensuHate solution arKi a saturated aqueous sodium hydrogencartx>nate 
solution and dried over anhydrous sodium sulfate, and tiie solvent was removed by distillation under reduced pressure. 
The residue was purified by preparative TLC (hexane : ethyl acetate = 1 : 1) to prepare tiie titie compound (8.2 mg, 
45%). 

20 NMR {CDCI3) 6 1.19 (t, J = 7.5 Hz. 3H). 1.24 (s, 3H). 1.25 (d. J = 7.0 Hz. 3H). 1.86 (dq. J = 7.0. 1.7 Hz. 1H). 

1.92 (d. J « 1.7 Hz. 3H). 2.20 (br d. J = 16.3 Hz. 1H). 2.44 (q. J « 7.5 Hz. 2H). 2.86 (d, J = 16.3 Hz. 1H). 4.06 (m. 1H), 
5.49 (m. 1 H), 5.58 (br s. 1 H). 5.97 (s, 1 H): MS (El) nVz 318 (M)+. 

Example A2 

25 

f4aR.5R,gRJS)'7-HvdrQXY-^9pipnYlQ?^-4a.5,67-t^trahvdrQ-3,4a.5-ft^ 

Substance PF1092C (9.9 mg, 0.04 mmoQ was dissolved in methylene chtoride (0.2 ml). To the solution were added 
4-€fimethylaminopyridiene (4.5 mg, 0.04 mmol) and propionyl chloride (8 ^1, 0.09 mmol) under ice cooling, and the mix- 

30 ture was stinted under ice cooling for 30 min. The temperature was raised to 25**C. and the mixture was then stin'ed for 
additional 22 hr. Water was added to the reaction mixture, followed by extraction with chloroform. The organic layer was 
washed with a 5% aqueous potassium hydrogensuifate solution and a saturated aqueous sodium hydrogencartx>nate 
solution and dried over anhydrous sodium sulfate, and the solvent was removed by distillation under reduced pressure. 
The residue was purified by preparative TLC (hexane : ethyl acetate = 1 : 1) to give the title compound (4.9 mg, 41%). 

35 ^H NMR (CDCI3) 6 1.12 (d, J = 7.1 Hz. 3H). 1.18 (d. J = 0.6 Hz, 3H). 1.18 (t. J = 7.6 Hz. 3H). 1.93 (d. J = 1.8 Hz, 

3H), 2.01 (dq, J = 7.1, 1.6 Hz. 1H), 2.21 (br d. J = 16.4 Hz, 1H). 2.43, 2.43 (each q. J = 7.6 Hz, 2H), 2.85 (d. J = 16.4 
Hz, 1H), 4.56 (m. 1H), 5.31 (ddd, J = 5.1, 1.6, 1.6 Hz. 1H), 5.68 (br s. 1H). 6.00 (s, IH); MS (EQ m/z 318 (M^. 

Example A3 

40 

f4flR.5R.6R.7S)-frf2-FgrarKartwriY0oxY-7-hycfrQxy-4a.§.g.7-tgtrahw<ro-3.4a,5-^ 

(1) Substance PF1092C (19 mg, 0.07 mmo\) was dissolved in anhydrous DMF (0.4 ml). Imidazole (50 mg, 0.73 
mmol) and t-butyldimethylsilyl chloride (65 mg. 0.43 mmol) were added to the solution, and the mixture was stirred 

45 at 25''C for 7 hr. Water was added to the reaction mixture, followed by extraction with chloroform. The organic layer 
was washed with a 5% aqueous potassium hydrogensuHate solution and a saturated aqueous sodium hydrogen- 
carbonate solution and dried over anhydrous sodium sulfate, and the solvent was removed by distillation under 
reduced pressure. The residue was purified by preparative TLC (toluene : ethyl acetate » 10 : 1) to prepare a cor- 
responding 7-0-(t-butyldlmethylsilyl) derivative (23 mg, 85%). 

50 (2) The corrpound (21 mg. 0.06 mmol) prepared in the above step (1) was dissolved in metiiylene chloride (0.45 
ml). To the solution were added 4<lim6thytaminopyridlene (34 mg, 0.27 mmol) and 2-furoyl chloride (24 ^l. 0.24 
mmd) under ice cooling, and the mixture was stirred under Ice cooling for 30 min. The temperature was raised to 
25*'C, and the mixture w^ tiien stirred for additional 22 hr. Water was added to the reaction mixture, followed by 
extraction with chloroform. The organic layer was washed with a 5% aqueous potassium hydrogensuifate solution 

ss and a saturated aqueous sodium hydrogencarbonate solution and dried over anhydrous sodium sulfate, and tiie 
solvent was removed by distillation under reduced pressure. The residue was purified by preparative TLC (toluene 
: ethyl acetate = 20 : 1) to prepare a corresponding 7-0- (t-butyldimethylsilyl) -6-0 -(2-furoyO derivative(23 mg, 89%). 
(3) The compound (18 mg, 0.04 mmol) prepared in the alx>ve step (2) was dissolved in anhydrous THF (0.5 ml). To 



27 



EP 0 885 893 A1 

the solution was added a 1 .0 M tetrabutylammonium f luoride-THF solution (47 ^J, 0.47 mmol) under ice cooling, 
and the mixture was stirred under ice cooling for 30 min. Water was added to the reaction mixture, followed by 
extraction with chloroform. The organic layer was washed with a 5% aqueous potassium hydrogensulfate solution 
and a saturated aqueous sodium hydrogencarbonate solution and dried over anhydrous sodium sulfate, and the 
5 solvent was removed by distillation under reduced pressure. The residue was purified by preparative TLC (hexane 

: ethyl acetate » 1 : 1) to prepare the title compound (5.9 mg. 42%). 

■•H NMR (CDCI3) 6 1.18 (d. J = 7.1 Hz. 3H), 1.28 (s, 3H), 1.94 (d. J = 1.6 Hz, 3H), 2.10 (dq, J = 7.1, 1.7 Hz. 1H), 
2.25 (brd. J = 16.1 Hz, 1H), 2.89 (d, J = 16.1 Hz, 1H).4.63 (m, 1H), 5.52 (ddd. J = 5.0. 1.7, 1,7 Hz, 1 H), 5.73 (br s, 1H). 
10 6.03 (s, 1 H). 6.53 (dd, J = 3.6. 1 .6 Hz, 1H). 7.20 (br d, J = 3.6 Hz, 1 H), 7.60 (m, 1 H); MS (El) nVz 356 (M)+. 

Example A4 

(4aR.5R.6R.7S^^.7-Dipropionytoxy-4a.5.6.7-tetra hydro-3.4a.54rimethvlnaph1hof2.3-b]furan-^ 

16 

Substance PF1092C (16 mg, 0.06 mmol) was dissolved in methylene chloride (0.35 mO- To the solution were 
added 4-dimethylaminopyridiene (38 mg, 0.31 mmol) and propionyl chloride (24 lil, 0.28 mmol) under ice cooling, and 
the mixture was stirred under ice cooling for 30 min. The temperature was raised to 25°C, and the mixture was then 
stinred for additional 18 hr. Water was added to the reaction mixture, followed by extraction with chloroform. The organic 
20 layer was washed with a 5% aqueous potassium hydrogensulfate solution and a saturated aqueous sodium hydrogen- 
carbonate solution arxJ dried over anhydrous sodium sulfate, and the solvent was removed by distillation under reduced 
pressure. The residue was purified by preparative TLC (toluene: ethyl acetate ^ 5 : 1) to give the titie compound (20 mg, 
85%). 

^H NMR (CDCI3) 6 1.10 (d, J = 7.1 Hz. 3H). 1.14 (t. J = 7.6 Hz. 3H), 1.17 (t, J = 7.6 Hz, 3H). 1.21 (d, J = 0.9 Hz, 
25 3H). 1 .94 (d. J = 1 .7 Hz. 3H), 2.06 (dq, J = 7.1 . 1 .8 Hz, 1 H). 2.24 (br d. J = 16.2 Hz. 1 H). 2.30, 2.31 (each q, J = 7.6 Hz, 
2H). 2.39 (q. J = 7.6 Hz. 2H). 2.87 (d. J « 16.2 Hz. 1H), 5.41 (m, 1H). 5.58 (br s, 1H), 5.64 (m. 1H), 5.99 (s, 1H); MS 
(SIMS) m/z 375 (M+H)*. 

Exanple A5 

30 

Substance PF1092C (30 mg, 0.1 1 mmol) was dissolved in methylene chloride (0.6 ml). To the solution were added 
diisopropylethylamine (100 ^d, 0.57 mmol) and propionic anhydride (294 ^1. 2.29 mmol) under ice cooling, and the mix- 
ture was stinted under ice cooling for 30 min. The temperature was raised to 25°C. and the mixture was tiien stinted for 
additional 15 hr. Water was added to the reaction mixture, followed by extraction with chloroform. The organic layer was 
35 washed with a 5% aqueous potassium hydrogensulfate solution and a saturated aqueous sodium hydrogencaibonate 
solution and dried over anhydrous sodium sulfate, and the solvent was removed by distillation under reduced pressure. 
The residue was purified by preparative TLC (hexane: ethyl acetate = 1 : 1) to give the compound of Example A1 (19 
mg, 52%), the compound of Example A2 (6.0 mg, 16%), and the compound of Example A4 (3.9 mg, 9%). 

40 Example A6a 

(4aR.5R.6R.7S)^-Hvdroxv-7-(n<)rDDvl^carfaamovlaxv-4a.5.6.7-tetrahvdro-3.4a.^^^^ 
one 

45 Substance PF1092C (18 mg. 0.07 mmol) was dissolved in anhydrous DMF (0.4 ml). n-Propyl isocyanate (325 pJ, 
3.47 mmol) was added to the solution, and the mixture was stirred at lOO^C for 4 hr. Water was added to the reaction 
mixture, followed by extraction with ethyl acetate. The organic layer was washed with a 5% aqueous potassium hydro- 
gensulfate solution and a saturated aqueous sodium hydrogencartx)nate solution and dried over anhydrous sodium sul- 
fate, and the solvent was removed by distillation under reduced pressure. The residue was purified by preparative TLC 

so (hexane : etiiyl acetate =1 : 2) to prepare the titie compound (9.1 mg, 38%). 

^H NMR (CDCI3) 6 0.95 (t, J = 7.3 Hz. 3H). 1.24 (s. 3H). 1.25 (d. J = 7.3 Hz. 3H), 1.56 (seq. J = 7.3 Hz, 2H), 1.86 
(dq. J = 7.3, 1.8 Hz. 1H). 1.93 (d, J = 1.8 Hz. 3H). 2.21 (brd. J = 16.0 Hz, 1H). 2.86 (d, J = 16.0 Hz, 1H). 3.19 (m, 2H), 
4.09 (m, 1H), 4.86 (m. 1H). 5.40 (m. 1H), 5.62 (s, 1H). 5.97 (s, 1H); MS (El) m/z 347 (M)+ 

55 
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Example A6b 

f4aR.5R.6R.7SV7-Hvdroxv-6-ff>DroDvncarbamovtoxv-4a.5.6.^ 
one 

5 

In Example A6a. the title compound (2.0 mg. 8%). together with the compound described in Example A6a. was 
obtained. 

^HNMR(CDCl3)S0.93(t. J =7.4Hz. 3H), 1.21 (d. J = 7.2 Hz. 3H), 1.22 (s,3H), 1.55 (m.2H). 1.93(d. J = 1.5 Hz, 
3H). 1.97 (br q. J = 7.2 Hz, 1 H). 2.19 (br d, J = 16.9 Hz, 1H). 2.85 (d. J = 16.9 Hz. 1H), 3.18 (m, 2H). 4.54 (m. 1H), 4.79 
10 (m. 1H),5.12(m, 1H).5.66(brs, 1H).5.98(S. IH); MS (EQ m/z 347(M)*. 

Example A6c 

(4flR.5R.6R,7S)-6.7-tfif(n'PrQPYl)cart»mQylPxyl-4a,5.6t7-tetrahYdro-3.4a.^ 

IS 

In Example A6a, the title compound (4.3 mg. 14%). together with the compound described in Example A5a and the 
compound descried in Example A6b. was oistained. 

^H NMR (CDCI3) 8 0.93 (t, J = 7.3 Hz. 3H). 0.93 (t. J = 7.7 Hz. 3H). 1 .14 (d, J = 6.4 Hz. 3H). 1 .17 (s. 3H). 1.53 (m. 
4H). 1.93 (d. J = 1,3 Hz. 3H). 2.02 (br q. J = 6.4 Hz. 1H). 2.23 (br d, J = 16.2 Hz. 1H). 2.86 (d. J = 16.2 Hz. 1H). 3.15 
20 (m. 4H), 5.31 (m, 1 H). 5.51 (m. 1 H). 5.66 (br s. 1 H), 5.98 (s, 1 H), 6.20 (m. 2H); MS (SIMS) m/z 455 (M+Na)"*^. 

&(ample A7 

(4aR.5R,gR7S)-7-Benzyloxy-6-hydr9xy-4a.$,g7-t9trahYdrp"3,4a,$-trimgthYlnap^ 

Substance PF1092C (9.7 mg. 0.04 mmol) was dissolved in toluene (0.2 ml). To the solution were added 60% 
sodium hydride (31 mg, 0.78 mmol) and benzyl bromide (132 1.1 1 mmol) under ice cooling, and the mixture was 
stirred under ice cooling for 30 min. Tlie temperature was raised to 25*'C, and the mixture was then stirred for additional 
2 days. Water was added to the reaction solution, followed by extraction with chloroform. The organic layer was washed 
with a 5% aqueous potassium hydrogensuH^te solution and a saturated aqueous sodium hydrogencartX)nate solution 
and dried over anhydrous sodium sulfate, and the solvent was removed by distillation under reduced pressure. The res- 
idue was purified by column chromatography on silica gel (chloroform : methanol = 50 : 1) to give the title compound 
(5.3 mg. 41%). 

^H NMR (CDCI3) 6 1.24 (s, 3H). 1.70 (br q. J = 7.2 Hz, 1H). 1.77 (d. J = 7.2 Hz. 3H). 1.92 (d, J = 1.8 Hz, 3H). 2.15 
(brd. J = 16.3 Hz, 1 H). 2.85 (d, J = 16.3 Hz, 1H). 4.06 (m, 1 H). 4.15 (m, 1 H), 4.67 (d. J = 1 1.8 Hz, 1H), 4.73 (d, J = 1 1.8 
Hz. 1H), 5.70 (s, 1H), 5.97 (s, 1H), 7.30-7.40 (m, 5H); MS (FD) m/z 352 (M)*. 

Example A8 

40 f4aR.5R.6R.7S>-6-Ben2oylQxy-7-m6thoxymethQxy-4a.5.6.7-tetrahvdro-3.4a.5-trimethvlnaDhthor2 

(1) Substance PF1092C (50 mg. 0.19 mnx)l) was dissolved in methylene chloride (1.0 ml). To the solution were 
added diisopropytetiiytamine (40 m^. 0.23 mmol) and methoxymethyl chloride (17 iJ, 0.22 mmol) under ice cooling, 
and the mixture was stirred under ice cooling for 30 min. The temperature was raised to 25''C, and the mixture was 

45 stirred for additional 15 hr. Water was added to the reaction mixture, followed by extraction with chloroform. The 
organic layer was washed with a 5% aqueous potassium hydrogensulfate solution and a saturated aqueous sodium 
hydrogencarbonate solution and dried over anhydrous sodium sulfate, and the solvent was removed by distillation 
under reduced pressure. The residue was purified by preparative TLC (chloroform : methanol « 50 : 1) to prepare 
a corresponding 7-0-methoxymethyl derivative (24 mg, 42%). 

50 (2) The compound (20 mg, 0.07 mmol) prepared in tiie above step (1 ) was dissolved in methylene chloride (0.4 mO. 
To the solution were added 4-dimethylaminopyridiene (12 mg, 0.12 mnrx)l) and benzoyl chloride (9 ^1. 0.09 mmol) 
under ice cooling, and the mixture was stirred under ice cooling for 30 min. The tenperature was then raised to 
25<'C. and the mixture was stirred for additional 22 hr. Water was added to the reaction solution, followed by extrac- 
tion with chloroform. The organic layer was washed with a 5% aqueous potassium hydrogensulfate solution and a 

55 saturated aqueous sodium hydrogencark>onate solution and dried over anhydrous sodium sulfate, and the solvent 
was removed by distillation under reduced pressure. The residue was purified by preparative TLC (toluene: etiiyl 
acetate s 5 : 1) to give the titie compound (13 mg, 49%). 
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NMR (CDCI3) 6 1.18 (d, J = 7.1 Hz. 3H). 1.28 (br s. 3H), 1.94 (d. J = 1.7 Hz, 3H). 2.10 (dq, J = 7.1, 1.8 Hz. 1H). 
2.26 (br d. J = 16.3 Hz. 1H). 2.90 (d. J = 16.3 Hz. 1H), 3.36 (s, 3H), 4.54 (d, J = 7.0 Hz. 1H), 4.57 (m, 1H). 4.81 (d, J = 
7.0 Hz. 1H). 5.71 (ddd. J = 4.8. 1.8. 1.8 Hz. 1H), 5.76 (brs. 1H). 6.07 (s. 1H). 7.45 (m. 2H), 7.57 (m. 1H). 8.02 (m, 2H): 
MS (EI)m/z410(Mr. 

5 

Example A9 

f4aR.5R.6R.7S^7-Hvdroxv-6-f2 -tetrahydropyranvloxv)-4a.5.6.7-tetrahvdro-3.4a.5-trimett^ 
one 

10 

Substance PF1092C (8.9 mg, 0,03 mmol) was dissolved in methylene chloride (0.2 ml). p-Toluenesulfonic acid 
monohydrate (21 mg. 0.1 1 mmol) and 3.4-dihydro-2H-pyran (15 jil, 0.16 mmol) were added to the solution, and the mix- 
ture was stirred at 25<*C for 30 min. Water was added to the reaction mixture, followed by extraction with chloroform. The 
organic layer was washed with a 5% aqueous potassium hydrogensuKate solution and a saturated aqueous sodium 

16 hydrogencarbonate solution and dried over anhydrous sodium sulfiate, and the solvent was removed by distillation 
under reduced pressure. Hie residue was purified by preparative TLC (chloroform : methanol o 40 : 1) to give the title 
compound (isomer mixture, 4.2 mg. 36%). 

''H NMR (CDCI3) 6 1.18 (d. J = 0.5 Hz. 3H). 1.29 (d. J = 7.1 Hz. 3H). 1.46-1.73 (m. 6H). 1.91 (dq. J = 7.1. 3.1 Hz. 
1H). 1.94 (d. J = 2.1 Hz. 3H). 2.22 (br d, J = 16.4 Hz. 1H), 2.84 (d. J = 16.4 Hz. 1H), 3.67 (t. J = 6.2 Hz. 2H), 4.15 (dd. 

20 J = 6.9. 3.1 Hz. 1H). 4.59 (dd, J = 6.9. 3.8 Hz. 1H). 4.92 (t J = 4.7 Hz. 1H). 5.75 (d. J = 3,8 Hz. 1H). 5.96 (s. 1H); MS 
(EO m/z 346 (M)-^. 

^H NMR (CDCIa) 8 1.16 (d. J = 0.8 Hz. 3H), 1.29 (d. J = 7.2 Hz. 3H). 1.46-1.73 (m. 6H). 1.84 (dq, J = 7.2. 2.3 Hz, 
1H), 1.94 (d, J = 2.1 Hz, 3H). 2.21 (brd, J = 16.2 Hz, 1H), 2.87 (d. J = 16.2 Hz. 1H). 3.65 (t. J = 6.4 Hz. 2H). 4.18 (dd. 
J = 6.0, 2,3 Hz. 1H). 4.80 (dd, J * 6.0, 3.3 Hz, 1H). 4.97 (t J = 4.7 Hz, 1H), 5.67 (d. J = 3.3 Hz, 1H). 5.96 (s, 1H); MS 
25 (El) m/z 346 (M)+. 

Example A10 

(4aR.5R.6R.7RV7-Methoxv-6-propionvloxv-4a.5.6.7-tetrahvdro-3.4a.5-trimethyln aphthQr2.3-b^ 

30 

(1) Substance PF1092C (200 mg, 0.76 mmol) was dissolved in methylene chloride (4.0 ml). Diisopropylethylamine 
(237 jil. 1.36 mmol) and methanesulfonyl chloride (88 ^1. 1 .14 mmol) were added to the solution at -15**C. and the 
mixture was stirred at the same temperature for 30 min. Methanol (153 ^1. 3.78 mmol) was then added thereto, the 
temperature was raised to 25°C. and the mixture was then stirred for additional 45 min. Water was added to the 

35 reaction solution, followed by extraction with chloroform. The organic layer was washed with a 5% aqueous potas- 
sium hydrogensuHate solution and a saturated aqueous sodium hydrogencai1x>nate solution and dried over anhy- 
drous sodium sulfate, and the solvent was removed by distillation under reduced pressure. The residue was 
purified by column chromatography on silica gel (hexane : ethyl acetate = 1 : 1) to prepare a corresponding 7a- 
methoxy derivative (110 mg, 52%). 

40 (2) The compound (1 1 mg, 0.04 mmol) prepared in the above step (1) was dissolved in methylene chloride (0.25 
ml). To the solution was added 4-dimethylaminopyridiene (25 mg. 0.21 mmol) and propionyf chloride (16 |J, 0.16 
mmol) under Ice cooling, and the mixture was stirred under ice cooling for 30 min. The temperature was raised to 
25*'C, and the mixture was then stinred for additional 3 hr. Water was added to the reaction mixture, followed by 
extraction with chloroform. The organic layer was washed with a 5% aqueous potassium hydrogensulfete solution 

45 and a saturated aqueous sodium hydrogencartx>nate solution and dried over anhydrous sodium sulfate, and the 
solvent was removed by distillation under reduced pressure. The residue was purified by preparative TLC (toluene 
: ethyl acetate = 4 : 1) to prepare the title compourKJ (5.7 mg, 42%). 

^H NMR (CDCI3) 6 1.12 (d. J = 7.1 Hz, 3H). 1.14 (s. 3H). 1.16 (t, J = 7.5 Hz, 3H). 1.93 (d. J = 1.7 Hz. 3H). 2.10 (dq. 
so J = 7,1, 2.8 Hz. 1H). 2.25 (brd. J = 16.4 Hz. 1H). 2.36 (q. J = 7.5 Hz, 2H), 2.86 (d. J = 16.4 Hz. 1H). 3.52 (s, 3H). 3.61 
(dd. J = 4.7. 1.4 Hz, 1H). 5.11 (ddd. J =2.8, 1.4. 1.4 Hz, 1H). 5.84 (brd, J = 4.7 Hz, 1H), 6.00 (s, 1H):MS(FAB) m/i 
333 (M+H)*. 

Example Alia 

65 

(4aR.5R.6R.7S)-6-Acetvlamino-7-hvdrQxv-4a.5.6.7-tetrahvdro-3.4a.5-trimethvlnaphthof2.3-b1furan-2(4H)-one 

Substance PF1092C (102 mg. 0.39 mmol) was dissolved in anhydrous acetonitrile (4.0 ml). To the solution was 
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added 2-acetoxyisobutytyl bromide (0.51 ml. 3.49 mmol), and the mixture was stirred at 25**C for 30 min. Water was 
added to the reaction solution, followed by extraction with ethyl acetate. The organic layer was wa^ed with saturated 
saline and a saturated aqueous sodium bicarbonate solution and dried over anhydrous sodium suHate, and the solvent 
was removed by distillation under reduced pressure. TTie residue was purified by preparative TLC (hexane : ethyl ace- 
tate = 1 : 4) to give a corresponding S'-methyloxazoline derivative (54 mg. 49%). 

The compound (54 mg. 0.19 mmol) prepared just above was dissolved in pyridine (1 .9 ml), water (0.48 ml) and p- 
toluenesuffonic acid monohydrate (31 nrtg. 0.1 7 mmol) were added to the solution, and the mixture was stirred at 100°C 
for 1.5 hr. Water was added to the reaction solution, followed by extraction with chloroform. The organic layer was 
washed with a 5% aqueous potassium hydrogensulfate solution and a saturated aqueous sodium bicarbonate solution 
and dried over anhydrous sodium sulfate, and the solvent was removed by distillation under reduced pressure. The res- 
k:lue was purified by preparative TLC (methylene chloride : methanol = 10 : 1) to give the title compound (6.4 mg, 1 1%). 

NMR (CDCI3) 6 1.12 (s. 3H). 1.16 (d. J = 7.1 Hz. 3H). 1.93 (d. J = 1.7 Hz, 3H), 2.01 (dq, J = 7.1, 2.8 Hz. 1H). 
2.07 (s. 3H). 2.20 (br d. J = 16.3 Hz. 1 H), 2.87 (d, J = 16.3 Hz. 1H). 4.45 (m. 1H), 4.64 (m. 1H), 5.51 (br d, J = 9.5 Hz, 
1H). 5.69 (br s. 1 H). 6.00 (s. IN); MS (FAB) m!z 302 (M-H)*. 

Example Allb 

(4aR.5R,fiPJR)-g-Acetylamir|Q-7-hYdrqxy-4a.$,e7-tQtrarmirQ^.^ 

In Example A1 la. the title compound (4.8 mg. 8%). together with the compound described in Example Alia, was 

obtained. 

^H NMR (CDCI3) 6 1.09 (S, 3H). 1.13 (d, J = 7.2 Hz, 3H). 1.94 (d, J = 1.7 Hz. 3H). 2.03 (s. 3H). 2.28 (dq, J = 7.2, 
4.0 Hz, 1H), 2.32 (br d, J = 16.5 Hz. 1H). 2.86 (d. J = 16.5 Hz. 1H). 4.14-4.20 (m. 2H). 5.49 (m. 1H). 5.88 (br d, J = 4.7 
Hz. 1KQ. 6.02 (s. 1H); MS (FAB) miz 302 (M-H)^. 

Example A12 

(4aR.5R.6R7S)-6-ChlQrQacetPxy-7HTydrpxy-4fl.5.6J-tetrahydrQ-3.4a.5-trimet 

The title compound (10 mg, 40%) was prepared in the same manner as in Example A2. except that substance 
PF1092C (19 mg, 0.07 mmol), 4-dimethylaminopyridine (9.0 mg. 0.07 mmol). and chloroacetyl chloride (14 ^1, 0.18 
mmol) were stirred at 25''C for 19 hr and the purification was performed by preparative TLC (chloroform : methanol = 
40: 1). 

^H NMR (CDCI3) 5 1.15 (d. J = 7.2 Hz, 3H). 1.18 (s. 3H). 1.93 (d. J = 1.4 Hz. 3H). 2.05 (dq. J = 7.2. 1.8 Hz, 1H). 
2.22 (br d. J = 16.2 Hz, 1H). 2.86 (d. J 16.2 Hz. 1H). 4.15 (s. 2H). 4.59 (m. 1H). 5.38 (m. 1H). 5.67 (br s. 1H), 6.00 (s. 
1H);MS (EO m/z 338 (M)+. 

Example A13 

(4aR.5R.6R.7S)-7-Hydroxy-6i3henylacetQxy-4aS.6.7-tetrahydro-3.4a.5-trimethylnaphtiiQf2.3-btfuran^^^^ 

The titie compound (9.4 mg, 34%) was prepared in the same manner as in Example A5. except tiiat substance 
PF1092C (19 mg, 0.07 mmol), diisopropyletiiylamine (32 ^l. 0.18 mmol), and phenylacetyt chloride (24 ^1, 0.18 mmol) 
were stinted at 25^*0 for 16 hr and the purification was performed by preparative TLC (hexane : ethyl acetate =1 : 1). 

^H NMR (CDCI3) 6 0.97 (d, J = 0.8 Hz. 3H), 1 .00 (d. J = 7.2 Hz. 3H), 1 .90 (d, J = 1 .9 Hz. 3H). 1 .95 (dq, J = 7,2. 1.8 
Hz. 1H), 2.16 (br d. J = 16.3 Hz. H). 2.79 (d, J = 16.3 Hz. 1H). 3.70 (s. 1H), 3.71 (s. 1H). 4.49 (m. 1H). 5.28 (ddd. J = 
5.1. 1.8, 1.8 Hz, 1H), 5.62 (br s, 1H), 5,96 (s. 1H), 7.28 (m. 5H); MS (SIMS) m/z 381 (M+H)+. 

Example A14 

(4^R.§R,gRJg)-fr(g-FMrar^caTfrQnyl)PXy-7-prPP»Qnyl9xy-4a.g.6.7-tQtrahYdrQ-3,4q.$-trim 
2f4m-one 

The titie compound (70 mg. 90%) was prepared in the same manner as in Example A3, except that the compound 
(60 mg, 0.19 mmol) prepared In Example A1, 4-dimethylaminopyrldine (103 mg, 0.84 mmol). and 2-furoyl chloride (74 
^1. 0.75 mmol) were stirred at 25'*C for 30 min and the purification was performed by column chromatography on silica 
gel (toluene : ethyl acetate = 10 : 1), 

^H NMR (CDCI3) 5 1.07 (t. J = 7.5 Hz, 3H), 1.17 (d, J = 7.1 Hz. 3H), 1.32 (s. 3H). 1 .95 (d, J = 1.5 Hz, 3H), 2.16 (dq. 
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J = 7.1, 1.8 Hz. 1H). 2.26 (q, J = 7.5 Hz. 2H). 2.28 (br d. J = 16.7 Hz, 1H), 2.91 (d. J = 16.7 Hz. 1H), 5.59 (ddd, J = 4.8. 
1.8, 1.8 Hz. 1H). 5.62 (br s, 1H). 5.73 (m. 1H), 6.03 {s. 1H). 6.53 (dd. J = 3.5, 1.7 Hz. 1H), 7.17 (br d, J = 3.5. 0.8 Hz. 
1H), 7.60 (m. 1 H); MS (FAB) mfe 413 (M+H)+. 

5 Example A15 

f4aR.5R.6R.7SV7-Cvdc3iyoovlcarbonv1mcv-6-DroDiofivtoxv-4a.5.6.^ 
2f4l-n-one 

10 The title cofrpound (70 mg. 96%) was prepared in the same manner as in Example A3, except that the compound 
(60 mg. 0.19 mmol) prepared In Example A2. anhydrous pyridine (151 ^1, 1 .87 mmol). and cyclopropanecarbonyl chlo- 
ride (68 ^l, 0.75 mmol) were stinted at 25''C for 30 min and the purification was performed by column chromatography 
on silica gel (toluene : ethyl acetate = 20 : 1). 

^H NMR (CDCI3) 60.89 (m, 2H). 1.02 (m, 2H), 1.10 (d. J = 7.1 Hz. 3H). 1.19 (t. J = 7.6 Hz. 3H), 1.20 (s. 3H), 1.55 

IS (m. 1H), 1.93 (d, J = 1.5 Hz. 3H). 2.05 (dq. J = 7.1, 2.1 Hz. IH), 2.23 (br d. J = 16.2 Hz. 1H), 2.40 (q, J = 7.6 Hz. 2H). 
2.87 {d, J = 16.2 Hz. IH). 5.43 (m, IH). 5.59 (m, 1 H), 5.60 (br s, IH). 5.99 (S. 1H): MS CTSI) mfe 387 (M+H)+. 

Example A16 

20 (4aR.5R.6R.7S)-7-Hvdroxv-6-(2-methvlDrDpionvl^oxv-4a .5.6.7-tetrahvdro-3.4a.^^ 
one 

The title compound (3.8 mg, 32%) was prepared in the same manner as in Example A5. except that substance 
PF1092C (9.3 mg. 0.04 mmol), diisopropylethylamine (61 iil. 0.35 mmol). and isobutylyl chloride (37 (il, 0.35 mmol) 
25 were stirred at 25*C for 1 9 hr and the purification was performed by preparative TLC (chloroform : methanol = 1 00 : 1 ). 

^H NMR (CDCIa) 6 1.12 (d. J = 7.2 Hz. 3H), 1.18 (s. 3H). 1.23, 1.23 (each d, J = 6.9 Hz, 6H). 1.93 (d. J = 1.8 Hz. 
3H). 2.02 (dq. J = 7.2. 2.1 Hz. 1H). 2.22 (br d, J = 16.0 Hz. IH), 2.66 (sep, J = 6.9 Hz, IH). 2.86 (d. J = 16.0 Hz. 1H). 
4.57 (m. IH), 5.30 (m. IH). 5.68 (br s, IH), 6.00 (s, IH); MS (El) m/z 332 (M)+. 

30 Example A17 

(4aR.5R.6R.7S)-6-Cvdopropvlcarbonvlo xv-7-hvdrQxv^.5.6.74etrahvdro-3.4a.5-trimethvlnaph^ 
one 

35 The procedure of Examples A3 (1) and (2) was repeated, except that 7-0-(t-butyldimethy1siIyl) derivative of 
PF1092C (37 mg. 0.10 mmol). 4-dimethylaminopyridine (59 mg, 0.49 mmol), and cyclopropanecarbonyl chloride (40 jJ. 
0.44 mmd) were stin-ed at 25"C for 1 7 hr and the purification was performed by preparative TLC (toluene : ethyl acetate 
= 20 : 1). Thus, a corresponding 7-0-(t-butyldimethylsilyl)-6-0-cyclopropylcarbonyl derivative (40 mg. 93%) was pre- 
pared. 

40 Further, the procedure of Example A3 (3) was repeated, except that the compound (40 mg. 0.09 mmoQ prepared 
just above and a 1 .0 M solution of tetrabutylammonium fluoride in THF (100 jil. 0.10 mmol) were stin-ed at 25'*C for 2 hr 
and the purification was performed by preparative TLC (hexane : ethyl acetate = 1 : 1). Thus, the title compound (15 
mg. 51%) was prepared. 

^H NMR (CDCI3) 6 0.93 (m, 2H). 1.05 (m. 2H), 1.13 (d, J = 7.1 Hz. 3H). 1.20 (s. 3H). 1.65 (m. 1H). 1.93 (d. J = 1.7 
45 Hz. 3H). 2.00 (dq, J = 7.1, 1.8 Hz, 1H), 2.21 (br d. J = 16.0 Hz. 1H), 2.81 (d, J = 16.0 Hz. 1H). 4.55 (m. IH). 5.30 (ddd, 
J = 5.0. 1 .8, 1 .8 Hz. 1 H). 5.69 (br s. 1 H). 6.00 (s, 1 H); MS (El) mfe 330 (M)+. 

Example A18 

50 (4aR.5R.6R.7S)-7-Cydohexvlcartx)nyloxv^ -hvdroxy-4a.5.6.7-tetrahvdrD-3.4a.5-^^^ 
one 

The title compound (5.2 mg. 41%) was prepared in the same manner as in Example A1, except that substance 
PF1092C (8.9 mg, 0.03 mmoQ. dilsopropyletiiylamine (15 m1. 0.09 mmoQ. and cydohexanecarbonyl chloride (10 ^1, 
55 0.07 mmol) were stirred at 25*C for 5 hr and the purification was performed by preparative TLC (toluene : ethyl acetate 

= 8:1). 

^ H NMR (CDCI3) 6 1 .24 (br s. 3H). 1 .25 (d. J = 7.3 Hz. 3H). 1 .28-2.00 (m, 10H). 1 .86 (dq. J = 7.3, 1 .8 Hz. 1 H), 1 .93 
(d. J = 1.6 Hz, 3H). 2.21 (br d. J = 16.4 Hz. IH), 2.41 (m, IH). 2.87 (d. J = 16.4 Hz. IH). 4.05 (m. IH). 5.48 (m, IH). 
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5.56 (br s. 1 H). 5.97 (s. 1 H); MS (El) nVz 372 {M)^ 
Example A19 

5 (4aR.5R.6R.7S)-6-Cvdoh exylcart3onylox y-74iydfOxy-4a.5.6.7-tetra^ 
one 

The title compound (6.2 mg. 48%) was prepared in the same manner as in Example A2. except that substance 
PF1092C (9.0 mg, 0.03 mmol). 4-dimethylamtnopyridine (4.4 mg, 0.04 mmol), and cydohexanecartxsnyl chloride (11 
10 0.08 mmol) were stirred at 25*C for 6 hr and the purification was performed by preparative TLC (toluene : ethyl ace- 
tate = 8: 1). 

NMR (CDCy 6 1.11 (d. J = 7.1 Hz. 3H), 1.19 (br s, 3H). 1.22-1.96 (m. 10H). 1.93 (d. J = 1.7 Hz. 3H). 2.01 (dq, 
J = 7.1. 1.9 Hz. IH). 2.21 (br d, J = 16.3 Hz, 1H). 2.39 (m. 1H), 2.85 (d, J = 16.3 Hz, 1H), 4.55 (m, 1H). 5.30 (ddd. J = 
5.2, 1.9. 1.9 Hz. IH). 5.68 (br s. IH), 6.00 (s, IH); MS (El) m/i 372 (M)*. 

IS 

Example A20 

(4aR.5agR,7S)-fi'CinnaiiwlQw-7-lTY^rQW-4a.g,6,7-tgti^^ 

20 The procedure of Examples A3 (1) and (2) was repeated, except that 7-0-(t-butyldimethylsilyl) derivative of 
PF1092C (30 mg, 0.08 mmol), 4-dlmethylamlnopyridlne (50 mg. 0.41 mmol). and cinnamoyi chloride (120 mg, 0.72 
mmol) were stirred at 25^0 for 2 days and the purification was performed by preparative TLC (hexane : ethyl acetate « 
4:1). Thus, a corresponding 7-0-(t-butyldimethylsilyl)-6-0-cinnamonyl derivative (22 mg, 54%) was prepared. 

Further, the procedure of Exanple A3 (3) was repeated, except that the compound (22 mg, 0.04 mmol) prepared 

25 just above and a 1 .0 M solution of tetrabutylammonium fluoride in THF (47 ^1, 0.05 mmol) were stirred at 25*'C for 2.5 
hr and the purification was performed by preparative TLC (hexane : ethyl acetate » 1 : 1). ITius, the title compound (8.6 
mg, 52%) was prepared. 

^H NMR (CDCI3) S 1.17 (d. J = 7.1 Hz, 3H), 1.26 (s, 3H), 1.94 (d, J = 1.7 Hz. 3H). 2.07 (dq, J = 7.1. 1.8 Hz, IH), 
2.24 (br d. J = 1 6.5 Hz. 1 H). 2.88 (d. J 1= 1 6.5 Hz, 1 H). 4.62 (m, 1 H), 5.47 (ddd, J » 5.1 , 1 .8. 1 .8 Hz, 1 H). 5.73 (br s» 1 H). 
30 6.03 (s. IH), 6.47 (d. J = 16.0 Hz, IH). 7.40 (m, 3H), 7.53 (m. 2H), 7.74 (d. J = 16.0 Hz, 1 H); MS (TSPI) mfe 393 (M+H)*. 

Example A21 

(4aR.5R.6R.7S)-6-Benzoyloxy-7-hydroxy-4a.5.6.7-tetrahydro-3.4a.5-trimethvlnaphthor2.343lfuran-2f4H>^^ 

35 

The title compound (25 mg, 74%) was prepared in the same manner as in Example-A5, except that substance 
PF1092C (24 mg, 0.09 mmol), diisopropylethylamine (64 ^1, 0.37 mmol), and benzoic anhydride (202 mg, 0.89 mmol) 
were stirred at 25°C for 20 hr and the purification was performed by preparative TLC (hexane : ethyl acetate =1 : 1). 
^H NMR (CDCI3) 6 1.19 (d. J = 7.2 Hz. 3H), 1.30 (s. 3H). 1 94 (d. J = 1.7 Hz, 3H). 2.14 (dq, J = 7.2. 1.8 Hz, IH), 
40 2.26 (br d. J = 1 6.2 Hz. 1 H), 2.90 (d. J » 1 6.2 Hz. 1 H). 4.66 (m, 1 H). 5.61 (ddd. J » 5.1 . 1 .8, 1 .8 Hz. 1 H), 5.75 (br s, 1 H). 
6.05 (s. 1H). 7.46 (m. 2H), 7.59 (m. IH). 8.03 (m, 2H); MS (SIMS) nVz 367 (M-i-H)+. 

Example A22 

45 (4aR.5R.6R.7S)-6-Hvdroxv-7-(4-nitrobenzovf)oxv-4a.5.6.7-tetrahYdro-3.4a.5-trimelhylnaphtho[2.3-b]furan-^^^ 

The title compound (3.8 mg, 24%) was prepared in the same manner as in Example A1, except that substance 
PF1092C (10 mg, 0.04 mmol), diisopropylethylamine (10 ^il, 0.06 mmol). and 4-nitrobenzoyl chloride (9.1 mg, 0.05 
mmo\) were stirred at 25**C for 22 hr and the purification was performed by preparative TLC (toluene : ethyl acetate = 4 
so : 1). 

^ H NMR (CDCI3) 6 1 .29 (br s. 3H). 1 .30 (d. J = 7.1 Hz, 3H). 1 .95 (d. J = 1 .8 Hz. 3H). 1 .95 (dq. J = 7.1 , 1 .7 Hz. 1 H). 
2.26 (br d. J = 1 6.4 Hz. 1 H). 2.91 (d. J «= 16.4 Hz, 1 H), 4.24 (m, 1 H), 5.71 (br s. 1 H). 5.78 (m, 1 H), 6.02 (s, 1 H). 8.30 (m. 
4H);MS(EI)m/z411 (M)*. 
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Example A23 

(4aR.5R.6R.7SV7-Hvdroxv-6-M-nrtroben20^^oxv-4a.5.6.7-tetrahvdro-^ 

The title compound (2.1 mg. 22%) was prepared in the same manner as in Example A2. except that substance 
PF1092C (9.7 mg. 0.04 mmol), 4-dimethylaminopyridine (4.5 mg. 0.04 mmol), and 4-nitroben2oyl chloride (8.4 mg, 0.05 
mmol) were stired at 25**C for 22 hr and the purification was performed by preparative TLC (toluene : ethyl acetate = 4 

NMR (CDCI3) 6 1.29 (br s. 3H), 1.70 (d, J = 7.2 Hz, 3H), 1.95 (d. J = 1.7 Hz, 3H), 2.17 (dq. J = 7.2, 1.9 Hz, 1H), 
2.28 (brd. J = 16.4 Hz, 1H). 2,91 (d. J = 16.4 Hz. 1H). 4.71 (m, 1H). 5.63 (ddd. J = 5.1, 1.9, 1.9 Hz, 1H). 5.74 (brs. 1H), 
6.05 (s. 1H). 8.18 (m. 2H), 8.31 (m. 2H); MS (El) m/z 411 (M)*. 

Example A24 

(4aR,5R.6R.7S)-6.7-Dir{2>furancarbonv noxv1-4a.5.6.7-tetrahvdro^.4a.5-trimeth^^ 

The title compound (20 mg, 83%) was prepared in the same manner as in Example A4, except that substance 
PF1092C (14 mg. 0.05 mmol). 4-dimethylaminopyridine (35 mg. 0.28 mmol). and 2-furoyl chloride (24 nl. 0.24 mmol) 
were stirred at 25*^0 for 4 hr and the purification was performed by preparative TLC (toluene : ethyl acetate = 4:1). 

^HNMR(CDCl3)6 1.20(d, J = 7.1 Hz. 3H), 1.35 (s. 3H). 1.95(d. J = 1.7 Hz, 3H), 2.21 (dq. J =7.1. 1.8 Hz, 1H). 
2.30 (br d, J = 16.2 Hz, 1H). 2.93 (d. J = 16.2 Hz, 1H), 5.69 (ddd. J = 4.8, 1.8. 1.8 Hz. 1H), 5.73 (m. 1H). 5.91 (m, 1H). 
6.04 (s, 1 H), 6.42 (dd, J = 3.5. 1 .8 Hz, 1 H), 6.53 (dd. J = 3.4, 1 .7 Hz. 1 H), 6.93 (br d. J = 3.5 Hz, 1 H). 7.18 (br d. J = 3.4 
Hz, 1H), 7.50 (m. 1H). 7.60 (m, IH); MS (ESI) m/z 468 (M+NH4)+. 473 (M+Na)+. 

Example A25 

f4aR.5R.6R.7SV7-Hydr oxv-6-f4-methvf-5-thia2olvlcarbonvnoxv-4a.5.6.7-telrahvdrQ-3.4a.5-trim 

b1fiiran-2(4H)-one 

The procedure of Examples A3 (1) and (2) was repeated, except that 7-0-(t-butyldimethylsilyl) derivative of 
PF1092C (40 mg, 0.11 mmol), 4-dimethylaminopyridine (130 mg, 1.07 mmol). and 4-methyl-5-thiazole)carbonyl chlo- 
ride hydrochloride (99 mg, 0.50 mmol) were stirred at 25°C for 8 hr and the purification was performed by column chro- 
matography on silica gel (hexane : ethyl acetate = 5:1). Thus, a con-esponding 7-0-(t-butyfdimethylsllyl)-6-0-(4-methyl- 
5-thiazolyl)cart5onyl derivative (45 mg, 85%) was prepared. 

Further, the procedure of Example A3 (3) was repeated, except that the above compound (36 mg, 0.07 mmol) and 
a 1 .0 M solution of tetrabutylammonium fluoride in THF (78 jil, 0.08 mmol) were stirred under ice cooling for 30 min and 
the purification was performed by preparative TLC (hexane : ethyl acetate = 1:2). Thus, the title compound (10 mg. 
37%) was prepared. 

^H NMR (CDCI3) 5 1.19 (d. J = 7.2 Hz. 3H). 1.25 (s, 3H), 1.94 (d. J = 1.9 Hz. 3H), 2.10 (dq, J = 7.2. 1.9 Hz. IH), 
2.24 (brd, J = 16.3 Hz. IH), 2.80 (s. 3H), 2.88 (d, J = 16.3 Hz. 1H), 4.64 (m. IH), 5.50 (ddd. J = 5.1, 1.9, 1.9 Hz. IH). 
5.71 (br s. 1 H). 6.02 (s. 1 H). 8.78 (s, 1 H); MS (ESI) nVz 388 (M+H)+. 

Example A26 

(4aR.5R.6R.7S^-6-n-B enzothiophen-2-vlcarbonvnoxv-7-hvdroxv-4a.5.6.7-tetrahvdro-3.4a.5-trimethvh 
bTfuran-2(4H)-nne 

The procedure of Examples A3 (1) and (2) was repeated, except that 7-0-(t-butyldimethylsilyl) derivative of 
PF1092C (42 mg, 0.11 mmol), 4-dimethylaminopyridine (69 mg. 0.57 mmol), and 1 -benzothiophene-2-carbonyl chlo- 
ride (102 mg, 0.52 mmol) were stin-ed at 25°C for 22 hr and the purification was performed by preparative TLC (toluene 
: ethyl acetate = 20: 1). Thus, a corresponding 6-0-(1-benzothiophen-2-ylcartx>nyl)-7-0-(t-butyldimethylsilyl) derivative 
(56 mg. 95%) was prepared. 

Further, the procedure of Example A3 (3) was repeated, except that the above compound (56 nrtg, 0.1 1 mmol) and 
hydrogen f luoride-pyridine complex (0.1 3 nil) were stirred at 25**C for 3 hr and the purification was performed by prepar- 
ative TLC (toluene : ethyl acetate = 3:1). Thus, the title compound (36 mg, 82%) was prepared. 

^H NMR (CDCI3) 5 1.21 (d. J = 7.1 Hz. 3H). 1.33 (s. 3H). 1.94 (d. J = 1.7 Hz, 3H), 2.1 1 (dq. J = 7.1, 1.8 Hz, IH), 
2.23 (br d. J = 1 6.3 Hz. 1 H). 2.89 (d. J = 1 6.3 Hz, 1 H). 4.65 (m, 1 H). 5.56 (ddd. J = 5.1 . 1 .8, 1 .8 Hz, 1 H). 5.73 (br S, 1 H), 
6.03 (s. IH). 7.44 (m, 2H). 7.86 (m. 2H), 8.07 (s. IH): MS (TSI) m/z 423 (M+H)+. 
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Example A27 

(4aR.5R,6R.7SV6>Hvdroxv-7-methvjcarbamovloxv-4a.5.6.7-tetrah^ 

5 The title compound (3.1 mg. 15%) was prepared in the same manner as in Example A6a, except that sut>stance 
PF1092C (1 7 mg, 0.06 mmol) and methyl isocyanate (1 9 pJ, 0.32 mmol) were stinred at SS'C for 9 hr and the purification 
was performed by preparative TLC (hexane : ethyl acetate = 1 : 1). 

^HNMR(CDCl3)6 1.24 (brs. 3H). 1.25 (d, J = 7.1 Hz. 3H). 1.86 (dq. J = 7.1, 1.7 Hz. 1H). 1 .93 (d. J = 1 .7 Hz, 3H). 
2.21 (br d. J = 16.2 Hz, 1H), 2.85 (d. J = 4.9 Hz. 3H), 2.86 (d, J = 16.2 Hz, 1H), 4.09 (m, 1H). 4.79 (m, 1H), 5.41 (m. 

10 1H), 5.61 (brs. 1H).5.97(s.3H);MS{FD)nVz319(M)+. 

Example A28 

(4aR.5R.6Rja-6J-Pi(phenylcflrt?amoytQxy)"4fl.5.6J-tetrahy;iro-3.4a.5-trm 

75 

The title compound (40 mg. 33%) was prepared in the same manner as in Example A6a, except that substance 
PF1092C (63 mg, 0.24 mmol). 4-dimethylaminopyridine (3.5 mg, 0.03 mmol). and phenyl isocyanate (260 y\, 2.39 
mmol) were stirred at 25''C for 2 hr and the purification was performed by column chromatography on silica gel (toluene 
: ethyl acetate s 10 : 1). 

20 ^H NMR {CDCI3) 6 1.20 (d. J = 7.0 Hz, 3H). 1-21 (s, 3H), 1.94 (br s, 3H), 2.10 (dq. J = 7.0. 1.7 Hz. 1H). 2.25 (brd. 
J = 16.2 Hz. 1H). 2.89 (d. J = 16.2 Hz 1H). 5.46 (ddd. J « 4.7. 1.7. 1.7 Hz. 1H), 5.67 (m. 1H), 5.72 (br s. 1H). 6.00 (s. 
1H), 6.70 (br s, 1H), 6.86 (br s, 1H). 7.07 (m. 2H). 7.28 (m, 8H), 7.41 (m. 2H); MS (FD) m/z 500 (M)+. 

Example A29 

ss 

f4aR.5R.6R.7SV6.7-Dimgthoxy-4a.5.6.7-tetrahvd ro-3.4a.54rinTOthylnaphthor2.3-btf^^ 

The title compound (268 mg, 24%) was prepared in the same manner as in Example A7, except that substance 
PF1092C (1.0 g, 3.83 mmol). 60% sodium hydride (264 mg, 6.61 mmof), and methyl iodide (4.1 ml, 65.9 mmol) in DMF 
30 were stirred at 25''C for 1.5 hr and the purification was performed by column chromatography on silica gel (toluene : 
ethyl acetate = 20 : 1). 

^H NMR (CDCI3) 6 1.18 (s. 3H). 1.21 (d. J = 7.1 Hz, 3H), 1.91 (d. J = 1.9 Hz. 3H). 1.75 (dq, J = 7.1, 1.7 Hz. 1H). 
2.14 (br d.J = 16.3 Hz. 1 H). 2.83 (d. J = 16.3 Hz. 1H), 3.51 (s, 3H). 3.58 (m. 1H). 3.59 (s, 3H), 3.98 (m, 1 H). 5.78 (br s, 
1 H), 5.98 (s. 1 H); MS (TSI) m/z 291 (M+H)+. 

35 

Example A30 

(4aR.5R.6R.7S)-6-Acetoxy-7-methoxy-4a.5.6.7-te trahYdro-3.4a.5-trimethylnapmho[2 . 3-b]furan-2(4H)^ 

40 The procedure of Example A29 was repeated, except that sub^ance PF1092C (19 mg, 0.07 mmol), 60% sodium 
hydride (4.5 mg, 0.1 1 mmol), and methyl iodide (36 |il, 0.57 mmol) were stirred at -15°C for 1 hr and the purification was 
perfomied by preparative TLC (hexane : ethyl acetate = 1:1). Thus, a con-esponding 7-0-methyl derivative (9.0 mg, 
47%) was obtained. 

Further, the procedure of Example A8 was repeated, except that the compound (9.0 mg, 0.03 mmol) prepared just 
45 above, 4-dimethylaminopyridine (21 mg. 0.17 mmol). and acetyl chloride (10 fJ. 0.14 mmol) were stirred at 25*^0 for 3 
hr and the purification was performed by preparative TLC (toluene : ethyl acetate s 4 : 1). Thus, the titie compound (8.0 
mg, 78%) was obtained. 

^H NMR (CDCI3) S 1.11 (d. J = 7.2 Hz, 3H), 1.16 (s. 3H), 1.92 (d. J = 1.7 Hz, 3H), 1.95 (dq. J = 7.2, 1.7 Hz, 1H), 
2.12 (S, 3H), 2.20 (br d, J = 16.4 Hz, 1H). 2.85 (d. J = 16.4 Hz. 1H). 3.42 (s. 3H), 3.99 (m. 1H), 5.49 (ddd, J = 4.6. 1.7, 
SO 1 .7 Hz, 1H), 5.71 (br s, 1 H). 5.99 (s. 1H); MS (ESI) mAz 319 (M+H)+. 

Example A31 

f4aR.5R.6R.7S^-6-f2- Furancarbonypoxy-7-mettioxy-4a.5.6.74etrahvdro-3.4a.5-trimethvlnm^ 
55 one 

The titie compound (1 7 mg. 91%) was prepared in the same manner as in Example A30, except that a 7-0-methyl 
derivative of substance PF1092C (14 mg, 0.05 mmol), 4-dimethyIaminopyridine (32 mg, 0.26 mmol), arxJ 2-furoyl chlo- 
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ride (23 ^I, 0.23 mmol) were stirred at 25°C for 14 hr and the purification was performed by preparative TLC (hexane : 
ethyl acetate » 1 : 1). 

NMR (CDCI3) 6 1 .16 (d, J = 7.1 Hz. 3H), 1 .26 (d, J = 0.8 Hz, 3H), 1 .93 (d. J = 1 .7 Hz, 3H), 2.05 (dq, J = 7.1 , 1 .7 
Hz, 1H), 2.24 (brd, J = 16.2 Hz, 1H). 2.88 (d. J = 16.2 Hz. 1H). 3.44 (s. 3H). 4.07 (m. 1H). 5.70 (ddd. J = 4.7, 1.7. 1.7 
5 Hz, 1 H). 5.75 (br s. 1 H). 6.03 (s, 1 H). 6.50 (dd. J = 3.5, 1 .8 Hz, 1H). 7.15 (dd, J = 3.5, 0.8 Hz, 1H). 7.58 (dd, J = 1.8. 0.8 
Hz. 1H); MS (FAB) m/z 371 (M+H)+. 

Example A32 

10 (4aR.5R.6RJS)-7-MethQ3^-6'f2-thjwhenecarbQnyDQxy-4a,5.6J-tgtraiT^ro-3.4^ 

2f4H)-one 

The title compound (7.7 mg, 73%) was prepared In the same manner as In Example A30, except that a 7-0-methyl 
derivative of substance PF1092C (7.5 mg, 0.03 mmol), 4-dimethylaminopyrldine (17 mg, 0.14 mmol), arxJ 2-then(^ 
15 chloride (13 ^1, 0.12 mmol) were stirred at 25**C for 15 hr and the purification was performed by preparative TLC (hex- 
ane : ethyl acetate =1:1). 

^H NMR (CDCI3) 6 1.18 (d, J = 7.1 Hz, 3H). 1.28 (s. 3H). 1.94 (d. J = 1.8 Hz. 3H), 2.06 (dq, J = 7.1. 1.8 Hz, 1H), 
2.25 (br d. J = 16.2 Hz. 1H). 2.89 (d. J = 16.2 Hz. 1H). 3.44 (s. 3H). 4.08 (ddd. J = 4.7. 1.8. 1.8 Hz. 1H). 5.70 (m. 1H), 
5.76 (brs, 1H).6.05(s, 1H), 7.11 (dd. J=5.0. 3.7 Hz. 1H), 7.57 (dd. J = 5.0, 1.1 Hz. 1H). 7.80 (dd, J = 3.7. 1.1 Hz. IH); 
20 MS (FAB) nVz 387 (M+H)+. 

Example A33 

(4aR.5P.gP.7S)-e-Ac9t0xy-7-(ni?ropyl)c»xy-4a.$.6.7-tgtrahydrQ-3,4a,5^^^^ 

25 

The procedure of Example A29 was repeated, except that substance PF1092C (200 mg, 0.76 mmol), 60% sodium 
hydride (80 mg, 2.0 mmol) arxJ nisropyl iodide (1.0 ml, 10.3 mmol) were stirred at 0*^0 for 10 min and the purification 
was performed by column chromatography on silica gel (hexane : ethyl acetate = 6:1). Thus, a corresponding 7-0-(n- 
propyQ derivative (87 mg. 37%) was prepared. 
30 Further, the procedure of Example A30 was repeated, except that the compound (33 mg. 0.1 1 mmol) prepared just 
above, anhydrous pyridine (44 ^l. 0.54 mmol). and acetyl chloride (35 fil. 0.49 mmol) were stirred at 25°C for 8.5 hr and 
the purification was performed by preparative TLC (toluene : ethyl acetate = 4 : 1). Thus, the title compound (30 mg. 
79%) was obtained. 

"•H NMR (CDCI3) 6 0.90 (t. J = 6.9 Hz, 3H), 1.10 (d. J = 7.2 Hz. 3H), 1.15 (d. J = 0.8 Hz, 3H), 1.55 (seq, J = 6.9 Hz. 
35 2H). 1.91 (d, J = 1.4 Hz, 3H), 1 .94 (dq. J = 7.2. 1.7 Hz, 1H),2.10 (s. 3H). 2.18 (br d, J = 17.1 Hz. 1 H). 2.84 (d, J = 17.1 
Hz, 1 H), 3.38 (q, J = 6.9 Hz. 1 H), 3.58 (q, J = 6.9 Hz, 1 H). 4.06 (m, 1 H), 5.47 (ddd, J = 4.8, 1 .7. 1 .7 Hz, 1 H), 5.70 (br s, 
1 H), 5.98 (s. 1 H): MS (TSI) nVz 347 (M+H)*. 

Example A34 

40 

The title compound (5.0 mg, 41%) was prepared in the same manner as in Example A30, except that a 7-0-methyl 
derivative of substance PF1092C (9.7 mg, 0.04 mmol), 4-dimethylaminopyridine (22 mg, 0.18 mmol), and ethoxycarb- 
45 onyl chloride (15 ^1. 0.16 mmol) were stirred at 25**C for 19 hr and the purification was performed by preparative TLC 
(toluene : ethyl acetate = 4:1). 

^H NMR (CDCI3) 6 1.18 (d, J = 0.8 Hz. 3H), 1.18 (d, J = 7.1 Hz, 3H), 1.31 (t, J = 7.1 Hz. 3H), 1.86 (d, J = 1.9 Hz, 
3H), 1.94 (dq. J = 7.1, 1.7 Hz, IH). 2.20 (brd, J = 16.3 Hz, 1H). 2.86 (d. J = 16.3 Hz. IH). 3.46 (s. 3H). 4.00 (m, IH), 
4.21, 4.22 (each q. J = 7.1 Hz, 2H), 5.26 (ddd, J = 4.6, 1.7. 1.7 Hz, IH). 5.73 (br s. IH), 5.99 (s. IH); MS (El) m/i 348 
so (M)+. 

Sample A35 

f4aR.5R.6R.7SV7-Methoxv-6-Dhenoxvcarbonvloxv-4a.5.6.7-tetrahvdro-3.4a.5-trimethvlnaph^^ 

55 

The title compound (6.7 mg, 60%) was prepared in the same manner as in Example A30. except that a 7-0-methyl 
derivative of substance PF1092C (7.8 mg, 0.03 mmol). 4-dimethylaminopyridine (37 mg, 0.31 mmol). and phenoxycar- 
bonyl chloride (32 ^1, 0.26 mmol) were stirred at 25''C for 18 hr and the purification was performed by preparative TLC 
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(toluene : ethyl acetate = 4:1). 

NMR (CDQa) 5 1,13 (s, 3H). 1.24 (d. J = 7.1 Hz. 3H). 1.93 (d, J = 1.7 Hz. 3H). 2.00 (dq, J = 7.1, 1.8 Hz. 1H). 
2.21 (br d. J « 16.2 Hz. 1H). 2.88 (d. J o 16.2 Hz. 1H). 3.51 (S. 3H). 4.05 (m. 1H). 5.34 (ddd. J » 4.6. 1.8. 1.8 Hz. 1H), 
5.75 (br s. 1H). 6.00 (s, 1H), 7.17-7.41 (m. 3H). 7.38 (m. 2H); MS (El) mfz 396 (M)*. 

5 

Example ASS 

f4aR.5R.6R.7SVS-Methoxvmethoxv-7-Dropionvloxv-4a.5.6.7-tetrahvdro>3.4a.5-trimeth\^ 
one 

10 

The procedure of Example A8 (1) was repeated, except that substance PF1092C (202 mg, 0.77 mmol). diisopro- 
pylethylamine (1 60 ^1. 0.92 mmol) and methoxymethyl chloride (64 pi. 0.84 mmol) were stirred at 25''C for 23 hr and the 
purification was performed by column chromatography on silica gel (toluene : ethyl acetate = 6:1). Thus, a correspond- 
ing 6-0-methoxymethyl derivative (35 mg. 18%) was prepared. 
IS Further, the procedure of Example A8 (2) was r^)eated, except that the compound (18 mg, 0.06 mmol) prepared 
just above, 4-dimethylarTtinopyridine (19 mg, 0.15 mmol) and proplonyl chloride (1 1 |xl, 0.14 mmol) were stirred at 25*'C 
for 4 hr and the purification was performed by preparative TLC (toluene : ethyl acetate o 5 : 1 ). TTius, the title compound 
(16 mg, 77%) was obtained. 

^H NMR (CDCI3) 6 1.18 (t. J = 7.6 Hz. 3H). 1.21 (d. J = 7.1 Hz. 3H). 1.22 (s. 3H). 1.91 (dq. J = 7.1. 1.7 Hz. 1H). 
20 1.92 (d. J = 1 .7 Hz, 3H). 2.20 (br d. J = 16.3 Hz. 1H). 2.41. 2.42 (each q. J = 7.6 Hz, 2H), 2,87 (d. J = 16.3 Hz. 1H), 3.42 
(s. 3H), 3.96 (m. 1H), 4.66 (d. J = 6.8 Hz. 1H). 4.70 (d, J = 6.8 Hz. 1H), 5,51 (m, 1H), 5.60 (br s. 1H). 5.97 (s, IH); MS 
(FD) mfe 362 (M)*. 

Example A37 

25 

(4aR.5R.6R.7S)-7-Benzovloxy-6-methQxymBthQxy^a.S.6.7-tetrahvdro-3.4a.5-trinfietiTvlnaDmhor2^ 

The title compound (4.8 mg, 42%) was prepared in the same manner as in Exannple A36, except that a 6-0-meth- 
oxymethyl derivative of substance PF1092C (8.6 mg. 0.03 mmol). 4-dimethylaminopyridine (22 mg, 0.18 mmol). and 
30 benzoyl chloride (1 7 pi, 0. 1 5 mmol) were stirred at 25**C for 1 8 hr and the purification was performed by preparative TLC 
(toluene : etiiyl acetate = 5:1). 

^H NMR (CDCI3) 6 1.25 (d. J = 7.1 Hz. 3H). 1.27 (s. 3H). 1.94 (d. J = 1.4 Hz. 3H). 2.00 (dq. J = 7,1, 1.5 Hz. IH). 

2.25 (br d. J = 16.1 Hz. IH). 2,89 (d. J = 16.1 Hz. IH). 3,32 (s. 3H). 4.10 (m. IH). 4.68 (d. J = 6.8 Hz. IH). 4.73 (d, J = 
6,8 Hz. 1H). 5.74 (br s, IH), 5.75 (m. IH), 6.02 (s, 1H), 7.46 (m, 2H), 7,60 (m, IH), 8.10 (m, 2H): MS (SIMS) m/z 41 1 

35 (M+H)+. 

Example A39 

f4aR.5R.6R.7S^-6-Benzovloxv-7-f2-methoxyethoxvmeflToxv^-4a.5.6.7-tetrahvdro-3.4a.5-trlmetfi^^ 
40 2(4H)-one 

The procedure of Example A8 (1) and (2) was repeated, except that sut>stance PF1092C (116 mg. 0.44 mmol). 
dlisoproi:]^ethylamine (115 |il. 0.66 mmol) and (2-metiioxyethQxy)methyl chloride (76 ^1, 0.67 mmd) were stirred at 
25**C for 23 hr and the purification was performed by column chromatography on silica gel (hexane : ethyl acetate = 1 : 
45 1). Thus, a corresponding 7-0-(2-methoxyethoxy)methyl derivative (74 mg. 48%) was prepared. 

Further, the procedure of Example A8 (3) was repeated, except that the compound (44 mg, 0.13 mmol) prepared 
just above, 4<limethylaminopyridin6 (53 mg, 0.44 mmol) and benzoyl chloride (36 ixl, 0.31 mmol) were stirred at 25*^0 
for 24 hr and ttie purification was performed by preparative TLC (toluene : etf^ acetate ^ 5 : 1). Thus, the titie com- 
pound (22 mg, 38%) was obtained, 
50 ^H NMR (CDCI3) 5 1.16 (d, J = 7.1 Hz, 3H). 1.27 (s, 3H), 1.94 (d. J = 1.6 Hz. 3H), 2.10 (dq, J = 7.1. 1,8 Hz, IH). 

2.26 (br d. J = 16.0 Hz, IH). 2.89 (d. J = 16.0 Hz. IH). 3.39 (s. 3H). 3.55 (m. 2H). 3.64 (m. IH), 3.77 (m. IH). 4.62 (m, 
1H), 4.65 (d. J = 7.2 Hz. 1H). 4.88 (d. J = 7.2 Hz, IH). 5.69 (ddd. J = 4.8, 1.8. 1.8 Hz. IH), 5.77 (br s. IH). 6.06 (s, IH). 
7.44 (m, 2H), 7.56 (m. IH). 8.01 (m, 2H), MS (FD) m/z 454 (M)*. 

55 
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Example A39 

(4aR.5R.6R.7R)-6-(2-F urancail3Qnvnoxv-7-methoxv-4a.5.6.7-tetiral^^ 
one 

5 

The title compound {7.9 mg, 59%) was prepared in the same manner as in Example A1 0, except that a 7a-methoxy 
derivative of substance PF1092C (10 mg, 0.04 mnrol), 4-dimethylaminopyridine (24 mg, 0.19 mmol), and 2-furoyl chlo- 
ride (16 III, 0.16 mmol) were stirred at 25**C for 6 hr and the purification was performed by preparative TLC (toluene : 
ethyl acetate = 4 : 1). 

10 NMR (CDCI3) 6 1 .18 (d, J = 7.2 Hz, 3H), 1 .25 (s, 3H). 1 .95 (d. J = 2.0 Hz. 31-1), 2.20 (dq, J = 7.2, 2.7 Hz, 1 H). 

2.28 (br d, J = 16.3 Hz. 1H), 2.90 (d, J = 16.3 Hz, 1H). 3.57 (s, 3H). 3.75 (dd, J = 4.8, 1.4 Hz, 1H), 5.32 (ddd. J = 2.7, 
1.4. 1.4 Hz. 1H). 5.87 (br d, J = 4.8 Hz, 1H). 6.03 (s. 1H). 6.52 (dd, J =3.5, 1.8 Hz. 1H). 7.14 (dd. J = 3.5. 0.8 Hz. 1H), 
7.60 (dd, J = 1.8. 0.8 Hz. 1H): MS (ESQ rrVz 371 (M+H)". 

IS Examole A40 

(4aR.5R.6R.7R)-7-Ethoxv-6-f2-furancarbonvl)oxy-4a.5.6.7-tetrahydro-3.4a.5-trimethylnaphtho[2.3-b]furan-2( 

The procedure of Example A10 (1) was repeated, except that substance PF1092C (26 mg, 0.10 mmol). diisopro- 
20 pylethylamine (31 ^1, 0. 1 8 mrTX)l). arxJ methanesuffonyl chloride (1 0 ^l, 0.1 3 mmol) were stirred at -1 5°C for 30 min, eth- 
anol (29 0.49 mmol) was added thereto, the temperature was raised to 25°C, arKi the mixture was stirred at that 
temperature for 45 min. and the purification was performed by column chromatography on silica gel (hexane : ethyl ace- 
tate = 1:1). Thus, a corresponding 7a-ethoxy derivative (12 mg. 41%) was prepared. 

The procedure of Example A10 (2) was repeated, except that the compound prepared just above (10 mg. 0.03 
25 mmol). 4-dimethylaminopyridlne (30 mg. 0.25 mmol). arxi 2-furoyl chloride (20 pJ, 0.20 mmol) were stirred at 25''C for 
4 hr and the purification was performed by preparative TLC (toluene : ethyl acetate = 4:1). Thus, the title compound 
(10 mg. 78%) was prepared. 

^H NMR (CDCI3) 6 1 .18 (d. J = 7.1 Hz, 3H), 1.25 (t, J = 7.0 Hz, 3H). 1.25 (s, 3H). 1 .95 (d. J = 1.7 Hz, 3H), 2.23 (dq, 
J = 2.6. 7.1 Hz, 1H), 2.30 (brd. J = 16.1 Hz. 1H). 2.89 (d. J = 16.1 Hz. 1H). 3.69 (dq. J = 9.5. 7.0 Hz, 1H), 3.84 (dd. J = 
30 4.9, 1.2 Hz. 1H), 3.92 (dq, J = 9.5, 7.0 Hz. IH). 5.30 (m. 1H). 5.85 (br d. J = 4.9 Hz. 1H), 6.02 (s, 1H), 6.52 (dd. J = 3.6. 
1,7 Hz. IN), 7.13 (brd. J = 3.6 Hz. IH). 7.60 (m. IH); MS (ESI) m/z 385 (M+H)+. 

Example A41 

35 (4aR.5R.6R.7R)-7-Ethoxy-6-(2-thiophencarbonyl)oxy-4a.5.6.7-tetfahydro-3.4a.5-trimeth^ 
one 

The title conpound (14 mg, 86%) was prepared in the same manner as in Example A40. except that a 7a-ethoxy 
derivative of sut>stance PF1092C (12 mg. 0.04 mmol). 4-dlmethylamlnopyrldine (35 mg, 0.28 mnnol). and 2-thenoyl 
40 chloride (26 0.24 mmol) were stirred at 25°C for 2 hr and the purification was performed by preparative TLC (toluene 
: ethyl acetate = 4:1). 

^H NMR (CDCI3) 6 1.20 (d. J = 7.1 Hz, 3H). 1.26 (t. J = 7.0 Hz. 3H), 1.28 (s. 3H), 1.95 (d, J = 1.9 Hz, 3H), 2.23 (dq. 
J = 7,0, 2,7 Hz, IH). 2.31 (br d. J = 16.2 Hz. IH), 2.90 (d. J = 16.2 Hz, IH), 3.70 (dq, J = 9.4, 7.0 Hz. IH). 3.88 (dd, J = 
4.7, 1 .3 Hz, 1 H), 3.94 (dq, J = 9.4, 7.0 Hz. 1 H), 5.28 (ddd, J = 2.7. 1 .3. 1 .3 Hz. 1 H), 5.86 (br d. J = 4.7 Hz. 1 H), 6.03 (s, 
45 IH), 7.13 (dd. J = 5.0. 3.8 Hz. IH). 7.58 (dd. J = 5.0. 1.3 Hz, IH), 7.79 (dd. J = 3.8. 1.3 Hz. IH); MS (ESI) m/z 401 
(M+H)+. 

Ex^mpig A42 

so (4aR,§p.eR7P)-6.7-DlmethQxy-4a.5.67-tetrahydn?-3.4g.$-trlmethYlnaPhth 

The title connpound (3.9 mg, 1 1%) was prepared In the same manner as in Example A29, except that a 7a-methoxy 
derivative of substance PF1092C (35 mg. 0.1 3 mmoQ. 60% sodium hydride (14 mg. 0.34 mmd) and methyl iodide (159 
mI. 2.55 mmol) were stinted at -30'*C for 2 hr and the purification was performed by preparative TLC (hexane : ethyl ace- 
55 tate = 2 : 1). 

^H NMR (CDGI3) 8 1.10 (s, 3H). 1.19 (d. J = 7.1 Hz. 3H). 1.92 (d, J = 1.9 Hz. 3H). 1.92 (dq. J = 7.1. 3.0 Hz. IH), 
2.20 (brd. J = 16.4 Hz, 1H), 2.84 (d, J = 16.4 Hz. IH). 3.31 (ddd. J = 3.0, 1.5, 1.5 Hz, IH), 3.42 (s. 3H), 3.46 (S.3H). 
3.75 (dd, J = 5.0. 1 .5 Hz, 1 H). 5.90 (br d. J = 5.0 Hz, 1 H). 5.99 (s. 1 H); MS (FAB) m/z 291 (M+H)+. 
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Example A43 

f4aR.SR.6R.7RW-Methaxv-6-metrwtsulfonvloxv-4^^ 

5 The title compound (22 mg, 82%) was prepared in the same manner as in Example A1 0. except that a 7a-methoxy 

derivative of substance PF1092C (21 mg, 0.07 mmol), 4-dimethylaminopyridine (15 mg, 0.12 mmol). methanesulfonyl 
chloride (25 mI, 0.32 mmol) and triethylamine (48 ^1. 0.34 mmol) were stirred at 25''C for 2 days and the purification was 
performed by preparative TLC (hexane : ethyl acetate =1 : 1). 

^HNMR(CDCl3)6 1.09(brs,3H), 1.24 (d, J = 7.1 Hz, 3H). 1.93(d, J = 1.8 Hz. 3H), 2.15 (dq, J = 7.1. 2.6 Hz. 1H). 

10 2.24 (br d. J = 16.3 Hz. 1H), 2.86 (d, J = 16.3 Hz, 1 H). 3.07 (s. 3H). 3,50 (s, 3H). 3.98 (dd, J = 4.8. 1 .7 Hz, 1 H), 4.86 (m. 
1 H), 5.86 (br d. J = 4.8 Hz. 1 H). 6.00 (s, 1 H); MS (ESI) nV^ 355 (M+H)^ 

ExaiTple A44 

IS (4aR.5R.6R.7RV7-Ac6toxv-6-f2-furancarbonvnQxv-4a.5.6.7-tetrahvdro-3.4a.5-trimetM 

The procedure of Example A10 (1) was repeated, except that substance PF1092C (21 mg. 0.08 mnrx>l), diisopro- 
pylethylamine (17 jJ, 0.10 mmol), and methanesulfonyl chloride (8 jil. 0.10 mmol) were stin-ed at -15*C for 10 min, 
potassium acetate (16 mg, 0.16 mmol) and an anhydrous acetonitrile solution (52 ^) containing 18-crown-6 (1.1 mg, 
20 catalytic amount) were then added thereto, the mixture was stirred at 25''C for 5 hr, and the purification was performed 
by preparative TLC (methylene chloride : methanol = 30 : 1). Thus, a corresponding 7a-acetoxy derivative (1 1 mg, 44%) 
was prepared. 

The procedure of Exanple A10 (2) was repeated, except that the above compound (1 1 mg, 0.04 mmol), 4-dimeth- 
ytaminopyridine (21 mg, 0.1 7 mmol), and 2-furoyl chloride (14 ^1, 0.14 mmol) were stirred at 25''C for 4 hr and tiie puri- 
25 f ication was performed by preparative TLC (hexane : etiiyl acetate = 3:2). Thus, the title compound (9.7 mg, 67%) was 
prepared. 

^H NMR (CDCy 6 1.18 (d, J «= 7.1 Hz. 3H). 1.25 (s. 3H). 1.96 (d. J = 1.8 Hz, 3H). 2.09 (s. 3H), 2.21 (dq. J o 7.1. 

2.8 Hz. 1H). 2.32 (br d. J o 16.3 Hz, 1H), 2.92 (d, J » 16.3 Hz. 1H). 5.27 (dd, J « 4.8. 1.5 Hz. 1H), 5.31 (m. 1H), 5.88 
(br d. J « 4.8 Hz, 1 H). 6.03 (s, 1 H), 6.52 (dd, J 3.5. 1 .7 Hz. 1 H). 7.15 (br d, J o 3.5 Hz. 1 H), 7.60 (m. 1 H): MS (FAB) 

30 mfz 399 (M+H)+. 

Example A45 

(4aR,5R.eR.7R)-7-HydrQxy-6-(g-thjgphgncarbonyOQxy-4a,5.6.7-tetrahydrQ-3.4a.5'trim 
35 one 

The procedure of Example A10 was repeated, except that sut)stance PF1092C (50 mg, 0.19 mmol). diisopropyl- 
ethylamine (43 pJ. 0.25 mmol). and methanesulfonyl chloride (18 ^l, 0.23 mwo\) were stirred at -IS'^C for 10 min. silica 
gel (250 mg) was then added thereto, the mixture was stirred at ZS'C for one hr, and the purification was performed by 
40 column chromatography on silica gel (hexane : ethyl acetate » 1 : 2). Thus, a corresponding 7a-hydrQxy derivative (18 
mg, 36%) was prepared. 

The procedure of Example A3 (1) was repeated, except that the above compound (18 mg. 0.07 mmol), imidazole 
(12 mg. 0.08 mmol), and t43utyldimethylsjlyt chloride (12 mg, 0.08 mmol) were stirred at 25'*C fbr one hr and the purifi- 
cation was performed by preparative TLC (toluene : etiiyl acetate = 5:1). Thus, a corresponding 7a-(t-butyldimethyls- 
45 ilyl)oxy derivative (23 mg, 88%) was prepared. 

Sut)sequentiy. the procedure of Example A3 (2) was repeated, except that the compound (23 mg. 0.06 mmol) pre- 
pared just above. 4-dimethylaminopyridine (34 mg. 0.28 mmol), and 2-thenoyl chloride (29 ^1. 0.27 mmol) were stirred 
at 25''C for 18 hr arxj ttie purification was performed by column chromatography on silica gel (hexane : ethyl acetate » 
5 : 1). Thus, a corresponding 7a-(t-t>utyldimethylsilyl)oxy-3p-(2-thenoyl)oxide derivative (19 mg. 64%) was prepared. 
50 Furtiier, the procedure of Example A3 (3) was repeated, except that tiie compound (19 mg. 0.04 mmol) prepared 
just above and a 1 .0 M solution of teti^utylannmonium fluoride in THF (46 (xl. 0.05 mmol) were stirred under ice cooling 
for one hr and the purification was performed by preparative TLC (hexane : ethyl acetate =1:2). Thus, the titie com- 
pound (6.1 mg. 42%) was prepared. 

^ H NMR (CDCI3) 6 1 .21 (d, J = 7.2 Hz, 3H). 1 .27 (br s. 3H). 1 .96 (d, J = 1 .7 Hz, 3H). 2.28 (dq, J = 7.2, 3.0 Hz, 1 H). 
55 2.31 (brd, J = 16.5 Hz, 1H), 2.92 (d. J = 16.5 Hz. 1H). 4.33 (m. 1H), 5.15 (ddd. J = 3.0, 1.5. 1.5 Hz. 1H). 5.88 (br d, J = 

4.9 Hz. 1H). 6,04 (s, 1H). 7.13 (dd, J = 5.0, 3.8 Hz, 1H). 7.59 (dd, J = 5.0. 1.2 Hz, 1H). 7.80 (dd, J = 3.8, 1.2 Hz. 1H); 
MS (El) vnfz 372 (M)^ 
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Example A46 

(4aR.SR.6R.7R)-6-AcehHamino-7-methoxv-4a.5.6.7-tetrahvdro -3.4a.5-^^^ 

5 The title compound (3.0 mg, 20%) was prepared in the same manner as in Example A1 1 . except that a 2'-methyl- 

oxazoline derivative of substance PF1092C (14 mg, 0.05 mmol) and methanesulfonic acid (20 pJ, 0.01 mmoi) were 
stin-ed in methanol at 25**C for 3.5 hr and the purification was performed by preparative TLC (methylene chloride : meth- 
anol =20: 1). 

TO NMR (CDCI3) 6 1 .09 (d, J = 0.9 Hz, 3H), 1 .13 (d. J = 7.2 Hz. 3H), 1 .93 (d. J = 1 .9 Hz. 3H). 2.02 (s, 3H), 2.20 (dq. J 
= 7.2, 3.7 Hz. 1H). 2.26 (br d, J = 15.9 Hz, 1H), 2.87 (d, J = 15.9 Hz. 1H). 3.49 (s, 3H), 3.60 (dd. J = 5.1, 1.8 Hz, 1H). 
4.37 (m. 1H). 5.39 (br d. J = 8.2 Hz, 1H). 5.88 (brd. J = 5.1 Hz, 1H), 6.01 (s. IH); MS (ESI) nVz 318 (M+H)*. 

PefererKre Example 1 

IS 

Synthesis of compound (7) (Liebigs Ann. Chem., 186, 1982 and Chem. Pharm. Bull., 28. 3265, 1980) 

Compound (3) (4.42 g, 17.5 mmol) was dissolved in ethylene glycol dimethyl ether (17 ml) under an argon gas 
stream, a 2 M solution of methyllithium in THF (20 ml. 40 mmol) was added at 25°C to the solution, and the mixture was 

20 stirred for 2 hr. The reaction solution was cooled to -78°C, a solution of compound (2) (in the structural formula, = H) 
(3.2 g) in ethylene glycol dimethyl ether (15 ml) was added to the cooled reaction mixture, followed by stirring for 2 hr. 
Thereafter, the temperature of the reaction solution was raised to 25''C. a 0.3 M solution of sodium methoxide in meth- 
anol (60 ml, 18 mmol) was added thereto, and the mixture was stirred at that temperature for 30 min. Water was added 
to the reaction solution, followed by extraction with ethyl acetate. The organic layer was washed with saturated saline 

2s and ttien dried over magnesium sulfate, and the solvent was removed by distillation under reduced pressure. The resi- 
due was purified by column chromatography on silica gel (hexane : ethyl acetate = 4 : 1) to give compound (4) (in the 
structural formula, R^ = H) (2.5 g, 65%). 

A solution of tiie above compound (4) (500 mg, 2.1 mmoQ dissolved in THF (10 ml) was added to a mixed solution 
composed of a 2 M solution of lithium diisopropylamide in THF (1.2 ml. 2.4 mmol) and THF (3.0 ml) at -78°C under an 

30 argon gas stream, and the mixture was stirred for one hr. Siissequently, a saturated solution of zinc chloride in THF (3 
ml) and metiiyl pyruvate (650 mg. 12.7 mmol) were added thereto, and the mixture was stirred at room tenperature for 
30 min. A saturated aqueous ammonium chloride solution was added to the reaction solution, followed by extraction 
with ethyl acetate. The organic layer was washed with saturated saline and dried over magnesium sulfate, and the sol- 
vent was removed by distillation under reduced pressure. The residue was purified by column chromatography on silica 

35 gel (hexane : etiiyl acetate = 1 : 1) to give compound (6) On the staictural formula, R^=H. R^eCHs. R*=H, and R^sCHa) 
(670 mg. 94%). 

The compound (6) (600 mg, 1 .7 mmol) prepared just above was dissolved in benzene (50 ml), p-toluenesuKbnic 
acid (220 mg, 0.9 mmoQ was added to the solution, and the mixture was heated under reflux for 1.5 hr. The reaction 
solution was cooled, and a saturated aqueous sodium bicariaonate solutfon was added tiiereto. followed by extraction 
40 witii methylene cNoride. The organic layer was washed with saturated saline and dried over magnesium sulfate, and 
the solvent was removed by distillation under reduced pressure. The residue was purified tsy column chromatography 
on silica gel (hexane : ethyl acetate « 4 : 1) to give compound (7) Qn tiie structural formula, R^ = H, R^ = CH3, and R^ 
= H)(174 mg. 42%). 

45 Example B1 

(1) Method A 

(4aR*.5R*.6S*)-6-Hydroxy-4a.5.6.7-tetrahvdro-3.4a.5-trimethvlnaphthof2.3-b1furan-2f4H^-one 

so 

Compound (7) (in the structural formula, R^=H, R^=CH3, and R^=H) (100 mg, 0.4 mmol) was dissolved in metiianol 
(25 ml), sodium borohydride (7 mg, 0.18 mmol) was added at 25°C. and ttie mixture was stirred for 10 min. A saturated 
aqueous ammonium chloride solutfon was added to the reaction solution, followed by extraction with methylene chlo- 
ride. The organic layer was washed with saturated saline and dried over magnesium sulfate, and the solvent was 
55 removed by distillation under reduced pressure. The residue was purified by column chromatography on silica gel (hex- 
ane : etiiyl acetate = 2 : 1) to give the title compound (63 mg. 60%). 

^H NMR (CDCI3) 6 1.16 (d. J = 0.9 Hz. 3H), 1.19 (d. J = 7.2 Hz. 3H). 1.74 (dq. J = 7.2. 2.5 Hz. IH). 1.89 (d. J = 1.4 
Hz. 3H), 2.18 (d. J = 16.3 Hz, IH), 2.40 (dd, J = 20.0. 4.7 Hz. IH). 2.57 (br ddd, J = 20.0. 3.6 Hz, IH), 2.82 (d, J = 16.3 
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Hz. 1H). 4.02 (m. 1H). 5.74 (m. 1H). 5.97(s, 1H); MS (El) rtVz 246 (M)*. 

ffi)IVIethotfB 

5 (4aR.5R.6S)-6-Hydroxy-4a.5.6.74etrahydro^.4a.S-trime thylnaphthof2.3^^ 

Substance PF1092C (500 mg. 1 .90 mmoi) was dissolved in benzene (50 ml), p-toluenesutfonic add (250 mg. 1.32 
mmol) was added to the solution, and the mixture was stirred at 50''C tor 30 min. A saturated aqueous sodium bicartx>- 
nate solution was added to the reaction solution, followed by extraction with methylene chloride. The organic layer was 

10 washed with saturated saline and dried over magnesium sulfate, and the solvent was removed by distillation under 
reduced pressure. The residue was purified by column chromatography on silica get (hexane : ethyl acetate = 1 : 1) to 
give compound (7) (in the structural formula, = H, R^ = CH3, and R^ = H) (260 mg, 56%). 

The compourxi (7) (in the structural formula, R^ = H. R"^ = CH3. and R® = H) was dissolved in methanol (15 ml), 
sodium borohydrlde (80.5 mg, 2.17 mmol) was added, and the mixture was stirred for 10 min. A saturated aqueous 

15 ammonium chloride solution was added to the reaction solution, followed by extraction witii methylene chloride. The 
organic layer was washed witii saturated saline and dried over nnagnesium sulfate, and the solvent was removed by dis- 
tillation under reduced pressure. The residue was purified by column chromatography on silica gel (hexane : ethyl ace- 
tate si : 1) to give the titie compound (160 mg, 61%). 

20 Exqmplg B2 

f4aR^5R'.6S*)■6>Acetoxy^4a.5.6.7^tetrahydro■3.4a.5-trimeihvlnaphtho^2.3^>Tfuran-2f4m^one 

The compound prepared in Example B1 (in the general formula (II). R^ = H, R"* = CH3, and R^ = H) (50 mg, 0.20 
25 mmol) was dissolved in pyridine (5 ml), acetyl chloride (80 mg. 0.70 mmol) was added thereto, and the mixture was 
stired at 25''C for one hr. A 15% aqueous potassium hydrogensulfate solution was added to the reaction solution, fol- 
lowed by extraction with methylene chloride. The organic layer was washed with saturated saline and dried over mag- 
nesium sulfete, and the solvent was removed by distillation under reduced pressure. The residue was purified by 
column chromatography on silica get (hexane : ethyl acetate = 3 : 1) to give the title compound (55 mg. 80%). 
30 NMR (CDCI3) 5 1.08 (d, J » 7.2 Hz. 3H). 1.14 (d. J = 0.9 Hz, 3H), 1.89 (dq. J « 7.2, 2.5 Hz, 1H), 1.90 (d, J « 1.4 

Hz. 3H), 2.04 (s, 3H), 2.19 (d. J = 163 Hz. 1 H). 2.38 (dd. J = 20.0, 4.7 Hz. 1 H), 2.58 (br ddd, J = 20.0. 3.6 Hz, 1 H). 2.84 
(d. J = 16.3 Hz. 1H). 5.12 (m. 1H). 5.70 (m. 1H). 5.96 (s. 1H); MS (El) m/z 288(M)+. 

Example B3 

35 

(1) Method A 

(4aR^5R^6S*)-6-PrQpiQnyloxy-4a. 5■6.7-tetrahyd rQ-3■4a.5-trimethvlnaDhtho^2■3-b^fu^an-2(4H)-o 

40 The titie compound was prepared in the same manner as in Example B2, except that the compound prepared in 
Example B1 was reacted with propionyl chloride. 

^H NMR (CDCI3) 5 1.08 (d, J = 7.2 Hz. 3H). 1.13 (t. J = 7.5 Hz, 3H), 1.14 (s, 3H), 1.90 (dq, J « 7.2, 2.5 Hz, 1H). 
1.91 (d, J = 1.4 Hz, 3H). 2.21 (d, J = 16.3 Hz, 1H), 2.33 (q, J = 7.5 Hz, 2H). 2.38 (dd. J = 20.0, 4.7 Hz, 1H). 2.59 (brddd. 
J = 20.0, 3.6 Hz, 1H). 2.84 (d. J = 16.3 Hz, 1H). 5.14 (m, 1H), 5.70 (m. 1H). 5.97 (s, 1H); MS (El) mlz 302(M)*. 

45 

(2) MettKxJ B 

(4aR.5R.6S^-6-Prooionvloxv^.5.6.7-tetrahvdrQ-3.4a.5-trimethvlnaphthof2.3^^^ 

so The title compound was prepared in the same manner as in Example B2. except that the compound prepared in 
Example B1 (2) Method B was reacted with propionyl chloride. 

Example B4 

55 f4aR^5R^6SM■6■Butv^vlQxv-4a■5■6.7-tetrahvdrQ-3.4a■S■trimethvlnaphthQr2■3^^^ 

The title compound was prepared in ttie same manner as in Exanple B2, except that the compound prepared in 
Example B1 was reacted with txjtyryl chloride. 
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NMR (CDCI3) 50.93 (t. J = 7.2 Hz. 3H). 1.08 (d, J = 7.2 Hz, 3H). 1.14 (d. J = 0.9 Hz. 3H), 1.64 (seq. J = 7.2 Hz, 
2H). 1 .90 (dq. J = 7.2, 2.5 Hz. 1 H). 1 .90 (d. J « 1 .4 Hz, 3H), 2.21 (d. J = 16.3 Hz, 1 H), 2.28 (t, J ^ 7.2 Hz. 2H), 2.37 (dd. 
J = 20.0. 4.7 Hz. 1H),2.59 (br ddd. J = 20.0, 3.6 Hz. 1H), 2.84 (d, J = 16.3 Hz. 1H), 5.14(m. 1H), 5.70 (brt, 1H), 5.97 
(s, 1H); MS (EI)m/z316{Mr. 

5 

Exarrple B5 

f4aR^5R*.6S*)-6'(2-MethvnDroD^onvloxv-4a.5■6■74etrahvd^o-3■4a.5-t^imethv^^aDh^^ 

w The title compound was prepared in the same manner as in Example B2. except that the compound prepared in 
Example B1 was reacted with isobutyryl chlorida 

^H NMR (CDCI3) 5 1.08 (d, J « 7.1 Hz, 3H), 1.14 (d, J = 7.2 Hz, 3H). 1.15 (d. J := 0.9 Hz. 3H). 1.16 (d, J = 7.1 Hz. 
3H}, 1.90 (d. J = 1.4 Hz. 3H). 1.90 (dq, J » 7.2. 2.5 Hz. 1H). 2.21 (d, J » 16.3 Hz. 1H). 2.34 (dd, J » 20.0. 4.7 hiz. 1H), 
2.53 (sep. J = 7.1 Hz, 1H), 2.59 (br dd, J = 20.0, 3.6 Hz, 1H). 2.84 (d. J = 16.3 Hz. 1H), 5.12 (m, 1H), 5.70 (br t, 1H), 

16 5.97 (s, 1H); MS (El) m/z 316(M)+. 

Example B6 

f4aR^5R^6S*)-6-(3-Methyl)butyryloxY-4a.5.6.74et^ahyd^o-3■4a.5-t^tmethvlnaDhtho^2.3-b^furan-2f^ 

20 

The title compound was prepared in the same manner as in Example B2, except that the compound prepared in 
Example B1 was reacted with isovaleryl chloride. 

^H NMR (CDCIa) 6 0.93 (d. J = 6.5Hz. 6H). 1.08 (d, J = 7.2Hz, 3H). 1.14 (s, 3H). 1.90 (d, J = 1.4Hz. 3H). 1.90 (dq. 
J = 7.2, 2.5 Hz. 1H), 2.09 (m. 1H). 2.18 (d. J = 6.5Hz. 2H). 2.21 (d. J = 16.3Hz, 1H), 2.37 (dd. J = 20.0, 4.7 Hz, 1H). 
2S 2.59 (brddd. J = 20.0. 3.6 Hz, 1H). 2.84 (d. J = 16.3Hz, 1H). 5.13 (m. 1H). 5.70 (brt, 1H), 5.97 (% IH); MS (El) m/z 
330(M)*. 

Exarnpie B7 

30 (4aR*.5R*.6S*)-6>Benzoyloxy-4a.5.6.7-tetrahvdro-3. 4a.5-trimethvlnaDhthor2.3-b1furan-2f4H)-one 

The title compound was prepared in the same manner as in Example B2. except that the compound prepared in 
Example B1 was reacted with benzoyl chloride. 

^H NMR (CDCI3) 6 1.17 (d. J = 7.2 Hz, 3H), 1.30 (s. 3H). 1.92 (d, J = 1.4 Hz. 3H). 2.03 (dq, J = 7.2. 2.5 Hz. IH). 
35 2.27 (d. J = 16.3 Hz, IH), 2.54 (dd, J = 20.0. 4.7 Hz, IH), 2.73 (brddd, J = 20.0, 3.6 Hz. IH), 2.89 (d, J = 16.3 Hz. IH). 
5.41 (m, 1 H), 5.75 (br 1. 1 H). 6.00 (s. 1H). 7.40-8.11 (m, 5H); MS (El) m/z 350(M)+. 

Exanrple B8 

40 (1) Method A 

r4aR^5R^6S*^6^2■FurD^^^OKV^.5■6■74etrahvdro^■4a .5-t^imethylnaphtf^ 

The title compound was prepared in the same nianner as in Example 82. except that the compound prepared in 
45 Example B1 was reacted with 2-furoyl chloride. 

^H NMR (CDCI3) 5 1.16 (d. J = 7.2 Hz, 3H). 1.27 (s, 3H), 1.93 (d. J = 1.7Hz. 3H). 2.00 (dq. J = 7.2, 2.5 Hz, IH). 
2.26 (d, J = 16.4. 1 H), 2.54 (br dd, J = 20.8, 5.0 Hz. IH). 2.69 (br ddd, 1 H). 2.88 (d, J = 16.4 Hz, 1 H), 5.38 (br t, 1 H). 
5.74 (brt. 1H),5.96(s. IH), 6.50 (dd. J =3.3, 1.7 Hz. 1H),7.11 (dd,J=3.3. 0.8 Hz. IH). 7.57 (dd, J = 1 .7. 0.8 Hz. IH); 
MS(EI) nVz 340 (M)+. 

so 

(2) Method 8 

f4aR.5R.6S)-6-f2-Furovl)oxv-4a.5.6.7-tgtrahvdro-3.4a.5-trimethvlnaDhthof2.3 -bTffuran-2^^^ 

55 The title compound was prepared in the same manner as in Example 82. except that the compound prepared in 
Example 81 (2) Method B was reacted with 2-furoyl chloride. 
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Example B9 

(4aR\5R\6Sn-4a.5.6.7-TetrahvdrD-6-f2-thenQvl)oxv.3.4a.5-trimeth^ 

5 The title compound was prepared in the same manner as in Example B2, except that the compound prepared in 

Example B1 was reacted with 2-thenoyl chloride. 

NMR (CDCI3) 8 1-16 (d, J = 7.2 Hz, 3H), 1.27 (s. 3H). 1.92 (d. J = 1.4 Hz. 3H), 2.03 (dq, J = 7.2. 2.5 Hz, 1H), 

2.25 (d, J = 1 6.3 Hz, 1 H). 2.54 (dd. J = 20.0. 4.7 Hz. 1 H). 2.69 (br ddd. J = 20.0. 3.6 Hz. 1 H). 2.87 (d. J = 1 6.3 Hz, 1 H). 

5.33(m, 1 H), 5.73 (br t. 1 H). 5.99 (s, 1 H), 7.09 (dd, J = 5.0. 3.7 Hz, 1 H), 7.54 (dd. J «= 1 .3, 5.0 Hz. 1 H). 7.76 (dd, J = 3.7. 
10 1 .3 Hz, 1 H); MS (FAB) mtz 357(M+H)+. 

Exartple 810 

(6'R*.7'R*)-SpirQ[1.3-dioxolane-2.8'-(2'.6'.7'-trimethylbicyclo[4.4.0]deca-1'-en-3-one)] 

IS 

compound (3) (400 mg, 1.6 nvrx)!) was dissolved in ethylene glycol dimethyl ether (10 ml) under an argon gas 
stream, a 1 M solution of methyllithium in diethyl ether (2 ml. 2 mmol) was added to the solution, and the mixture was 
stirred at 25**C for 2 hr. The reaction mixture was cooled to -78*'C, a solution of compound (2) (in the structural formula. 
R^ B CH3) (250 mg. 1.6 mmol) in ethylene glycol dimethyl ether (5 ml) was added to the cooled reaction mixture, fbl- 

20 lowed by stirring for 2 hr. Thereafter, the temperature of the reaction solution was raised to 25^C, a 0.3 M solution of 
sodium methoxide in methanol (6 ml. 2 mmol) was added thereto, and the mixture was stirred at room temperature for 
30 min. Water (20 ml) was added to the reaction solution, followed by extraction with ethyl acetate. The organic layer 
was washed with saturated saline and then dried over magnesium sulfate, and the solvent was removed by distillation 
under reduced pressure. The residue was purified by column chromatography on silica gel (hexane : ethyl acetate = 5 

2S : 1) to give the title compound (230 mg. 59%). 

^H NMR (CDCI3) 6 0.92 (d. J = 6.9 Hz. 3H). 1.22 (s. 3H). 1.50(ddd. J = 17.4. 14.5. 4.1 Hz. 1H). 1 .68 (br ddd. J = 
1 9.1 . 1 3.9, 5. 1 Hz. 1 H). 1 .75 (q, J = 6.9 Hz. 1 H). 1 .80 (br s, 3H). 1 .95-2.06 (m, 2H), 2.30-2.50(m, 3H), 2.71 (dd. J = 1 4.5, 
3.7 Hz. 1H). 3.84-4.09 (m, 4H): MS (ESI) m/z 2 51(M+H)-'. 

30 Example B11 

(4'S^6'R^7'R*)-Spirof1.3<^ioxolane-2■8•-^4'-(1•'-hvd^oxvO"-methoxyca^bonvl)ethYl-2^6^7'-t^imethylbicy 
1 -en-S'-oneH 

35 A 2 M solution of lithium diisopropylamide in THF (0.5 ml. 1 .0 mmol) was added to anhydrous THF (1 mQ at -78**C 
under an argon gas stream, a THF solution (2 ml) containing the compound prepared in Example BIO (200 mg, 0.8 
mmol) was added thereto, and the mixture was stirred for one hr. Subsequently, a saturated solution of zinc chloride in 
THF (1 ml) and an anhydrous THF solution (2 ml) containing methyl pyruvate (105 mg. 1,0 mmoO were successively 
added, and the mixture was stin-ed at -7d°C for one hr. The temperature of the reaction solution was raised to -40*'C. 

40 and the reaction solution was stirred for additional one hr. A saturated aqueous ammonium chloride solution was added 
thereto, followed by extraction with methylene chloride. The organic layer was washed witii saturated saline and dried 
over magnesium sulfate, and the solvent was renrKSved by distillation under reduced pressure. The residue was purified 
by column chromatography on silica gel (hexane : ethyl acetate s 3 : 1) to give tiie title compound (6) Qn the structural 
formula. P?=H, R^=CH3. R®=CH3, and R®=CH3) (166 mg. 59%). 

46 ^H NMR (CDCI3) 5 0.92-0.96 (dx2. J = 6.9 Hz, 3H}, 1.24-1.30 (sx2. 3H). 1.45 (s. 3hO, 1.70-1.82 (m. 1H). 1.80 (s. 
3H). 1.90-2.74 (m. 7H). 3.70-3.80 (S, 3H). 3.85-4.13 (m. 4H), 4.75 (br s. 1H): MS (ESI) m/z 353(M+H)*. 

Example B12 

50 (4aR^5R*)^4a7-PlhvtfrQ-^■4a.5.9-t9tramgthYlpaphthof2.3•b1fllmn•g 

The compound prepared in Example B1 1 (520 mg. 4.7 mmol) was dissolved in benzene (30 ml). p-toluenesuKonic 
acid (150 mg, 2.4 mmol) was added to the solution, and the mixture was heated under reflux for 4 hr. The reaction mix- 
ture was cooled, and a saturated aqueous sodium bicartx>nate solution was added thereto^ followed by extraction witii 
55 ethyl acetate. The organic layer was washed with saturated saline and dried over magnesium sulfate, and the solvent 
was removed by distillation under reduced pressure. The residue was purified by column chromatography on silica gel 
(hexane : ethyl acetate » 4 : 1) to give ttie titie compound (173 mg. 45%). 

^H NMR (CDCI3) 5 0.89 (s, 3H). 1 .16 (d. J = 6.8 Hz. 3H). 1 .93 (s. 3H), 2.04 (s. 3H). 2.52 (d, J » 16.3 Hz. 1 H), 2.78 
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(d, J = 16.3 Hz. 1H). 2.84 (q. J = 6.8 Hz. 1H). 3.03 (dd. J = 23.3. 4.2 Hz, 1H). 3.20 (dd. J = 23.3. 4.2 Hz. 1H), 6.96 (br 
dd. 1H); MS (ESI) m/z 259(M+Hr. 

Example B13 

5 

(4aR*■5R^6Sn-6-Hvdroxv-4a■5.6■7-tetral^vd^o-3■4a.5■9-tet^amethv^naphihof2■3-b^f^ 

The compound prepared in Example B12 (170 mg, 0.7 mmol) was dissolved in methanol (5 ml), sodium borohy- 
dride (1 5 mg, 0.6 mmol) was added thereto, and the mixture was stirred at 25*'C for 30 min. A saturated aqueous ammo- 
10 nium chloride solution was added to the reaction solution, followed by extraction with ethyl acetate. The organic layer 
was washed with saturated saline and dried over magnesium sulfate, and the solvent was removed by distillation under 
reduced pressure. The residue was purified by column chromatography on silica gel (hexane : ethyl acetate « 4 : 1) to 
give the title compound (87 mg. 51%). 

^H NMR (CDCI3) 6 1.14 (s. 3H), 1.21 (d. J = 7.2 Hz. 3H). 1.77(dq. J = 7.2. 2.5 Hz. 1H), 1.89 (s, 3H), 2.01 (s, 3H). 
IS 2.19 (d. J=16.1Hz. 1H), 2.46 (br dd. J = 19.7. 4.2 Hz. 1H). 2.60 (ddd, J = 19.7. 5.0. 3.2 Hz. 1H). 2.81 (d. J = 16.1Hz, 
1 H). 4.02 (br s. 1 H). 5.89(br dd. 1 H); MS (El) mfz 2eO(M)*, 

Example B14 

20 (4aR^5R^6S*)^6-Acetoxv-4a■5.6.7■tetrahyd^o •3■4a.5■9-tet^amethvlnaDhtho^2.3-b^fa^ 

The compound pr^>ared in Example 813 (8.0 mg. 0.03 mmol) was dissolved in methylene chloride (1.0 ml), 4- 
dimelhylaminopyridine (15.0 mg. 0.12 mmol) and acetyl chloride (10.0 mg. 0.15 nnmol) were added thereto, and the 
mixture was stirred at 25''C for 7 hr. Water was added to the reaction solution, followed by extraction with methylene 
25 chloride. The organic layer was washed wHh saturated saline and dried over magnesium sulfate, and the solvent was 
removed by distillation under reduced pressure. The residue was purified by preparative TLC (hexane : ethyl acetate = 
4 : 1) to give the title compound (5.7 mg, 50%). 

^H NMR (CDCI3) 8 1.10 (d, J = 7.2 Hz. 3H), 1.10 (d. J = 0.8 Hz. 3H), 1.90 (dq. J = 7.2, 2.5 Hz. 1H). 2.02 (s. 3H). 
2,06 (s, 3H), 2.07 (s. 3H). 2.20 (d. J = 16.7 Hz. 1H). 2.45 (br dd, J = 20.6, 5.0 Hz. 1H). 2.60 (ddd, J = 20.6. 5.0, 3.3 Hz. 
30 1 H), 2.83 (d, J = 16.7 Hz. 1H), 5.13 (br d. J = 5.7 Hz. 1H). 5.85 (br dd. IH); MS (ESI) m/z 303(M+H)+. 

Example B15 

(4aR*.5R*.6S*)-6-Propionyloxy-4a.5.6.7-tetrahvdro-3.4a.5.9-t6tramethvlnaphthor2 .3-blfuran--2r4m-one 

35 

The title compound was prepared in the same manner as in Example 814. except tiiat the compound prepared in 
Example 813 was reacted with propionyl chloride. 

^ H NMR (CDCI3) 5 1 .10 (d. J = 7.2 Hz. 3H). 1 .1 1 (d. J = 0.6 Hz. 3H), 1 .15 (t. J = 7.6 Hz. 3H). 1 .90 (dq. J = 7.2. 2.5 
Hz. IH). 1.90 (S.3H). 2.01 (s,3H),2.21 (d.J = 16.1 Hz. 1 H). 2.34 (q. J = 7.6 Hz. 2H). 2.44 (brdd. J = 20.1. 5.1 Hz.lH). 
40 2.62 (ddd. J = 20.1. 5.4. 3.1 Hz. 1H). 2.83 (d. J = 16.1 Hz. IH). 5.15 (br dd. 1H). 5.85 (br dd. IH); MS (ESI) mfz 
317(M+H)*. 

Example 816 

45 (4aR*.5R*.6S*>-6-Ben20vloxy-4a.5.6.7-tetrahvdro-3.4a.5.9-tetramethvlnaohthof2.3-bTfuran-2(4l-n-one 

The compound prepared in Example 813 (8.0 mg, 0.03 mmol) was dissolved in pyridine (1 .0 ml), benzoyl chloride 
(25.0 mg, 0.18 mmol) was added thereto, and the mixture was stin-ed at 25**C for 2.5 hr. A 15% aqueous potassium 
hydrogensulfate solution was added to the reaction solution, followed by extraction with ethyl acetate. The organic layer 
so was washed with saturated saline and dried over magnesium sulfate, and the solvent was removed by distillation under 
reduced pressure. The residue was purified by preparative TLC (hexane : ethyl acetate ~ 4 : 1) to give the title com- 
pound (5.7 mg. 50%). 

^H NMR (CDCI3) 6 1.19 (d, J = 7,2 Hz. 3H), 1.27 (d. J = 0.8 Hz. 3H). 1.92 (s. 3H). 2.03 (s. 3H), 2.05 (dq. J = 7.2, 
2.5 Hz. 1 H). 2.27 (d. J = 16.3Hz. 1 H). 2.60 (br dd. J = 20.5. 4.4 Hz. 1 H), 2.75 (ddd. J = 20.5. 5.5. 3.3 Hz. 1 H). 2.88 (d. 
ss J = 16.3 Hz, IH). 5.41 (brt, IH). 5.89 (brt IH). 7.43-8. 13(m. 5H); MS (ESI) m/z 365(M+H)*. 
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Example B17 

f4aR^5R^6SM>6>f2-Fu^DvnQxv-4a.5.6.7■tet^ahvdro■3■4a■5■9-t6trame thvlnaDhm^ 

5 The title compound was prepared in the same manner as in Example B1 6» except that the compound prepared in 

Example B13 was reacted with 2-furoyl chloride. 

NMR (CDCI3) 6 1,17 (d, J = 6.9 Hz, 3H), 1,23 (s. 3H), 1.92 (s. 3H). 2.01 (dq, J = 7.2. 2.5 Hz. 1H), 2.03 (s, 3H). 

2.25 (d. J = 16.2 Hz. 1H). 2.59 (br dd, J = 20.5. 3.7 Hz, 1H), 2.71 (ddd. J = 20.5. 5.4. 3.3 Hz. 1H). 2.87 (d. J = 16.2Hz. 

1 H). 5.36 (br dd, 1 H), 5.87 (br dd. 1 H), 6.50 (br dd, J = 3.5. 1.8 Hz, 1H), 7.12 (dd, J « 3,5. 0.8 Hz. IH). 7.58 (dd. J = 1.5. 
10 0.8 Hz. 1 H): MS (ESI) m/z 355 (M+H)+. 

Example 818 

f4^S^6^R^7'RM■SDirof1.3<lioxolane>2■y«^6^7'<^^methvl^4'■n"^hvdroxv■1"^methoxvcart» 
IS V-en-3'-oneT) 

A 2 M solution of lithium diisopropylamide In THF (1 .9 ml. 3.8 mmol) was added to anhydrous THF (1 ml) at -78*^C 
under an argon gas stream, a THF solution (2 ml) containing the compound (4) (in the structural formula. R^ = H) (420 
mg, 1 .7 mmol) was added thereto, and the mixture was stirred for one hr. Sut)sequently, a saturated solution of zinc 

20 chloride in THF (2.5 ml) and an anhydrous THF solution (2 ml) containing methyl 2<oxobutyrate (420 mg, 3.6 mmol) 
were successively added, and the mixture was stinted at -78*^0 for one hr. The temperature of the reaction solution was 
raised to -40''C, and the reaction solution was stirred for additional one hr. A saturated aqueous ammonium chloride 
solution was added thereto, followed by extraction with methylene cNoride. The organic layer was washed with satu- 
rated saline and dried over magnesium sulfate, and the solvent was removed by distillation under reduced pressure. 

25 The residue was purified by column chromatography on silica gel (hexane : ethyl acetate = 3 : 1) to give the title com- 
pound (6) (in the structural formula. r3=H. R'*=CH3CH2. R^=H, and R^sCHg) (290 mg. 46%). 

^H NMR (CDCI3) 6 0.95 (d. J = 6.7 Hz. 3H), 0.96 (t. J = 7.5 Hz. 3H). 1.27 (s. 3H). 1.81 (dq. J = 7.4. 2.5 Hz, IH). 
1 .83 (q. J = 7.4 Hz, 2H), 1 .90-2.74 (m. 7H). 3.73 (s, 3H), 3.80-4.09 (m, 4H), 4.62 (s, 1 H). 5.73 (d. J = 1 .7 Hz, 1 H); MS 
(SIMS) m/z 353(M-i-H)+. 

30 

E?(anip|e BI9 

(4aR^5R*)H4a.7-Dihvd^o-3^ethvi•4a.S^imethvlnaDhthof2■^4^1furan-2■6f4H■5m^i^^ 

35 The compound prepared in Example B18 (290 mg, 0.8 mmol) was dissolved in benzene (20 ml), p-toluenesutfonic 
acid (90 mg. 0.3 mmol) was added to the solution, and the mixture was heated under reflux for 2 hr. The reaction mix- 
ture was cooled, diluted with ethyl acetate (20 ml), washed with a saturated aqueous sodium bicarbonate solution and 
saturated saline in that order, and dried over magnesium sulfate, and the solvent was removed by distillation under 
reduced pressure. The residue was purified by column chromatography on silica gel (hexane : ethyl acetate = 4 : 1) to 

40 give tiie titie compound (1 63 mg, 77%). 

^H NMR (CDCI3) 6 0.92 (s, 3H), 1,15 (t. J = 7.7 Hz, 3H). 1.15 (d. J = 7.6 Hz, 3H), 2.39 (m, 2H). 2.55 (d. J = 16.4 
Hz, 1H). 2.81 (q. J = 7.6 Hz. IH), 2.83 (d. J = 16.4 Klz. IH). 3.02 (dd. J » 23.4, 3.9 Hz, IH), 3.16(dd, J = 23.6. 4.1Hz, 
IH), 5.84 (m, IH). 6.03 (s, IH). 

45 Example B20 

(4aR*.5R*.6Sn-4a.5- Dimethvl-3-ethvl-6-hvdroxv-4a.5.6.7-tetrahvdronaphthor2.3-b]furan-2(4H)-Qne 

The compound prepared in Example B19 (163 mg, 0.6 mmol) was dissolved in methanol (5.0 ml), sodium borohy- 
50 dride (6.0 mg. 0.19 mmol) was added thereto, and tiie mixture was stirred at 25''C for 30 min. A saturated aqueous 
ammonium chloride solution was added to the reaction solution, followed by extraction with ethyl acetate. The organic 
layer was washed with saturated saline and dried over magnesium sulfate, and the solvent was removed by distillation 
under reduced pressure. The residue was purified by column chromatography on silica gel (hexane : ethyl acetate = 4 
: 1) to give tiie title compound (78 mg, 48%). 
55 ^H NMR (CDCI3) 6 1.13 (t J = 7.6 Hz, 3H). 1.18 (d, J = 0.8 Hz, 3H). 1.20 (d. J = 7.2 Hz. 3H), 1.75 (dq. J 7.2, 2.5 
Hz, IH), 2.21 (d, J « 16.3 Hz, IH). 2.34, 2.36 (each br dq. J = 7.6 Hz. 2H). 2.40 (br dd. IH). 2.59 (m. IH), 2.86 (d. J » 
16.3 Hz, IH), 4.03 (br s, IH), 5.76 (br t. IH). 5.99(s. IH); MS (ESI) m/z 261(M+H)+. 
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Example B21 

f4aR^5R^6S*V6-Ac6toxv■4a■5<jimethvl-3-ethvl■4a■5■6■74etra 

5 The compound prepared in Example B20 {10.0 mg, 0.04 mmol) was dissolved in methylene chloride (1 .0 ml). 4- 

dimethylaminopyridine (15.0 mg, 0.12 mmol) and acetyl chloride (12.0 mg. 0.20 mmol) were added thereto, and the 
mixture was stirred at 25*'C for 20 hr. Water was added to the reaction solution, followed by extraction with methylene 
chloride. The organic layer was washed with saturated saline and dried over magnesium sulfate, and the solvent was 
removed by distillation under reduced pressure. The residue was purified by preparative TLC (hexane : ethyl acetate = 

10 4 : 1 ) to give the title compound (9. 1 mg. 78%). 

NMR (CDCI3) 6 1.10 (d, J = 7.2 Hz, 3H), 1.13 (t, J = 7.6 Hz. 3H), 1.15 (s, 3H), 1.90(dq. J ^ 7.2, 2.5 Hz. 1H). 2.06 
(s. 3H). 2.23( d. J =16.1 Hz. 1H). 2,33-2.39 (m. 1H). 2.35. 2.37 (each br dq. J = 7.6 Hz. 2H). 2.59 (ddd. J = 20.5. 7.5. 
3.1 Hz. 1H), 2.88 (d. J = 16.1Hz. 1H), 5.14 (m. 1H). 5.72 (br t 1H). 5.98 (s. IH); MS (ESI) m/z 303 (M+H)* 

IS Example B22 

(4aR*.5R*.6S*)-4a.5-Dimethyl-3-ethyl-6-propionyloxy-4a.5.6.7-tetrahvdronaphtho[2.3-b]furan-2(4H)one 

The title compound was prepared in the same manner as in Example B21 . except that the conpound prepared in 
20 Example 820 was reacted with propionyl chloride. 

^H NMR (CDCI3) 6 1.10 (d. J = 7.2 Hz. 3H), 1.13 (t, J = 7.7 Hz. 3H). 1.14 (t. J = 7.7 Hz, 3H), 1.15 (s, 3H). 1.91 (dq. 
J = 7.2, 2.6 Hz, 1H).2.34(d. J = 16.2 Hz, IH), 2,35-2.36 (m, 4H). 2.40 (brdd, 1 H), 2.57-2.64 (m. IH). 2.88 (d. J = 16.2 
Hz. IH). 5.15-5.17(m, IH). 5.72 (brt. 1H),5.99(s, IH); MS (ESI) m/z 317 (M+H)+. 

2ff Example B23 

f4aR*.5R*.6S*V6-Benzoyioxv-4a.5Kiimethvi-3-ethvl-4a.5.6.7-tetrahvdronaDhlhor2.3-bWuran-2f4ffi^ 

The compound prepared in Example 820 (10.0 mg, 0.04 mmol) was dissolved In pyridine (1 .0 mi), benzoyl chloride 
so (1 6.0 mg, 0. 12 mmol) was added thereto, and the mixture was stirred at 25**C for 2 hr. A 1 5% aqueous potassium hydro- 
gensulfate solution was added to the reaction solution, followed by extraction with ethyl acetate. The organic layer was 
washed with saturated saline and dried over magnesium sulfate, and the solvent was removed by distillation under 
reduced pressure. The residue was purified by preparative TLC (hexane : ethyl acetate = 4 : 1) to give the title com- 
pound (4.7 mg, 34%). 

35 ^H NMR (CDCI3) 6 1.16(t, J = 7.8 Hz, 3H), 1.19 (d, J = 7.5Hz, 3H), 1.32 (s, 3H), 2.05 (dq. J = 7.5. 2.5 Hz, IH). 2.31 

(d.J = 16.1 Hz. 1H).2.37, 2.39(eachbrq. J = 7.8Hz.2H).2.56(brdd. J = 20.8.5.3Hz. IH). 2.73 (br ddd. IH). 2.94 
(d. J = 16.1 Hz, 1 H). 5.43 (br 1 1 H). 5.77 (br t , 1 H). 6.02 (s. 1 H), 7.43-8.06 (m. 5H); MS (ESI) mfe 365(M+H)+. 

Example B24 

40 

(4aR^5R^6S*V4a.S■Dimethvi-3-ethvl^-f2-furovnQxv-4a.5.6■7-tetrahvdrDnaphth^^^^ 

The title compound was prepared in the same manner as in Example B23. except that the compound prepared in 
Example B20 was reacted with 2-furoyl chloride. 
45 ""H NMR (CDCI3) 5 1.14 (t, J = 7.5 Hz. 3H), 1.16 (d. J = 7.2 Hz, 3H). 1.28 (s. 3H). 2.00 (dq. J = 7.2. 2.5 Hz, 1H), 

2.28 (d, J = 16.1 Hz, IH). 2.37. 2.38 (each br q, J = 7.5 Hz. 2H). 2.54 (dd. J = 21 .0, 5.2 Hz. IH), 2.69 (br dd, IH), 2.92 
(d, J = 16.1 Hz, IH). 5.38 (br s. 1H). 5.75 (t, J = 3.9 Hz. IH). 6.01 (s, IH). 6.50 (dd. J = 3.6. 0.8 Hz. IH). 7.12 (d. J = 3.6 
Hz, IH). 7.58 (t. J = 0.8 Hz. IH); MS (ESI) mtz 355 (M+H)+. 

50 Exqmple 82$ 

(4'S*.gR^7'R*)-Spirof1.3■dioxolane^2■8-[6^7'<limethyi^'-(1"^hyd^Qxy-1"-methQxycarbonyi)mrt 
r-6ne-3'-oneTl 

55 The compound (4) (in the structural formula, R^ = H) (800 mg. 3.4 mmol) was dissolved in ethanol (10 ml), a 1 N 
aqueous sodium hydroxide solution (30 ml. 3 mmol) was added to the solution, and a previously prepared 1.2 M aque- 
ous glyoxalic acid solution (10 ml, 12 mnx)l) was added thereto, and the mixture was stirred at 5Q°C for 3 hr. The reac- 
tion solution was diluted with water, washed with ethyl acetate, and the water layer was adjusted to pH 2.5 and then 




46 



% 

EP 0 885 893 A1 

extracted with methylene chloride. On the other hand, the organic layer was dried over magnesium sulfate, and the sol- 
vent was removed by distillation under reduced pressure. The residue was dissolved in a mixed solution of benzene (1 2 
ml) and methanol (4 mi), and a 2 M solution of trimethytsilyldiazomethane in hexane (2.5 ml. 5 mmol) was dropwise 
added thereto at 25*^0. The solvent was then removed by distillation under reduced pressure to give the title compound 
5 (6) (in the structural formula. = H. = H. R^ = H. and = CH3). 

NMR (CDCIa) 6 0.85-0,93 (dx2. J = 6.9 Hz. 3H). 1.26-1.31 {Sx2. 3H). 1.51-1.59 (dt x2. 1H). 1.74 (dd. J = 13,0. 
4.7 Hz, 1 H), 1 .79 (d, J = 6.9 Hz. 1 H), 1 .93 (br t. 2H). 2.22-2.30 (m, 1 H). 2.58-2.68 (m. 1 H). 2.80-2.94 (m. 2H). 3.82 (Sx2, 
3H). 3.84-4.13 (m, 4H). 4.94-4.96 (m. 1H). 5.80-5.81 (sx2, 1H): MS (ESI) m/z 325(M+H)*. 

10 Example B26 

(4aR*.5R*.6S*)-4a.5-Dimethyl-6-hvdroxv^a.5.6.7-tetrahvdronaDh1hor2.3-b]furan-2(4H)-one 

The compound prepared in Example B25 (450 mg) was dissolved in benzene (10 ml), p-toluenesulfbnic acid (20 
IS mg. 0.10 mmol) was added to the solution, and the mixture was stirred at eo^'C for one hr. The reaction mixture was 
cooled, and a saturated aqueous sodium bicarbonate solution was added thereto, followed by extraction with methylene 
chloride. The organic layer was washed with saturated saline and dried over magnesium suKate, and the solvent was 
removed by distillation under reduced pressure. The residue was dissolved in methanol (6 ml), sodium borohydrlde (40 
mg. 1.3 mmol) was added thereto, and the mixture was stirred at 25**C for 10 min. A saturated aqueous ammonium 
20 chloride solution was added to the reaction solution, followed by extraction with methylene chloride. The organic layer 
was washed with saturated saline and dried over magnesium sulfate, and the solvent was removed by distillation under 
reduced pressure. The residue was purified by column chromatography on silica gel (hexane : ethyl acetate = 1 : 1) to 
give the title compound (39.8 mg, 5%). 

^H NMR (CDCI3) 6 1.19 (d. J = 7.3 Hz, 3H). 1.21 (s. 3H). 1.75 (dq, J = 7.3, 2.5 Hz, 1H). 2.34 (brd, J = 16.4 Hz, 1H), 
25 2.44 (br dd. J = 20.8, 5.3Hz, 1H). 2.60 (ddd. J = 20.8. 7.3. 3.6 Hz. 1H). 2.94 (d. J = 16.4 Hz. 1H). 4.04 (br s. 1H). 5.83 
(br sx2. 2H). 6.09 (s. IH); MS (ESI) mtz 233(M+H)-'. 

Example B27 

30 (4aR^5R^6g*)- 6-Ac etpxy-4 a . 5-clim e thy ^- 4a ■5.6 J-t9 t rahyc^^o^a p m^ ^ ^ 

The compound prepared in Example B26 (8.0 mg, 0.03 mmol) was dissolved In methylene chloride (1 .0 ml). 4- 
dimethylaminopyridine (15.0 mg. 0.12 mmol) and acetyl chloride (10.0 mg, 0.15 mmol) were added thereto, and the 
mixture was stirred at 25''C for 7 hr. Water was added to the reaction solution, followed by extraction with methylene 
35 chloride. The organic layer was washed with saturated saline arKi dried over magnesium sulfate, and the solvent was 
removed by distillation under reduced pressure. The residue was purified by preparative TLC (hexane : ethyl acetate = 
3 : 1) to give the title compound (1 .97 mg. 21%). 

^H NMR (CDCI3) 8 1.08 (d. J = 7.2 Hz. 3H). 1.18 (d. J = 0.8 Hz, 3H), 1.90 (dq, J ^ 7.2. 2.5 Hz. IH). 2.07 (s. 3H). 
2.36 (d, J = 16.5 Hz, 1 H), 2.43 (br dd, J = 20.9. 4.6 Hz, 1 H), 2.60 (ddd. J = 20.9. 8.99. 4.6 Hz. IH). 2.96 (d. J = 16.5 Hz. 
40 IH), 5.14 (br t. IH). 5.19 (br t, IH). 5.86 (s. IH), 6,08 (s. 1H); MS (ESI) mfz 275(M+H)+. 

Exaniplg P28 

(4aR^5R^6S*)-4a.$-Dimethyl•e-prgpyloxy•4a.$.Q7-tgtrahyJronapmh9r2,^•W^ 

45 

The title compound was prepared in the same manner as In Example B27. except that the compound prepared in 
Example B26 was reacted with proptonyl chloride. 

^H NMR (CDCI3) 6 1.08 (d, J = 7.2 Hz. 3H). 1.15(t. J = 7.5 Hz, 3H), 1.18 (s, 3H), 1,93 (dq, J = 7.2, 2.5 Hz. IH), 2.34 
(q, J = 7.5 Hz. 2H). 2.35-2.45 (m. 2H), 2.59-2.63 (m. IH). 2.96 (d. J = 16.6 Hz. IH). 5.17 (br t. IH), 5.79 (br t. IH). 5.86 
50 (s. 1 H). 6.08 (s, 1 H); MS (FAB) m/z 289(M+H)^. 

Example P29 

(4aR^5R^es')•e-Pgnzc»YlQxy^4a.5^imgthyl-4a,$.e.7■tgtraM^Q^ap^nhpf2,3^^ 

55 

The compound prepared in Example B26 (8.0 mg. 0.03 mmol) was dissolved in pyridine (1.0 ml), benzoyl chloride 
(20.0 mg, 0.15 mmol) was added thereto, and the mixture was stirred at 25*^0 for 2 hr. A 1 5% aqueous potassium hydro- 
gensulfate solution was added to the reaction solution, followed by extraction with ethyl acetate. The organic layer was 
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washed with saturated saline and dried over magnesium sulfate, and the solvent was removed by distillation under 
reduced pressure. The residue was purified by preparative TLC (hexane : ethyl acetate s 3 : 1) to give the title com- 
pound (3.0 mg. 30%). 

NMR (CDCI3) 6 1 .16 (d. J = 7.2 Hz, 3H), 1 .34 (s, 3H). 2.05 (dq, J = 7.2, 2.5 Hz, 1 H), 2.43 (d. J = 16.6 Hz. 1 H), 
5 2.57 (br dd, J = 21 .0. 4.7 Hz. 1 H), 2.75 (ddd, J = 21 .0, 5.3, 3.2 Hz. 1 H). 3.02 (d, J = 1 6.6 Hz, 1 H), 5.43 (br d, J = 3.2 Hz, 
1H). 5.83 (br t. 1H), 5.89 (s. 1H), 6.12 (s. 1H). 7.43-8.05 (m, 5H): MS (EIS) m/z 337(M+H)+. 

Example B30 

10 (4aR^5R^6S*)-4a■5^Dimeth yl-6-(2-furovnoxv-4a.5.6■7-tetrahvdronaDh1ho^2.3^31furan-2f4HVo^ 

The title compound was prepared in the same manner as in Example B29, except that the compound prepared in 
Example B26 was reacted with 2-furoyt chloride. 

^H NMR (CDCI3) 8 1.14 (d. J « 7.2 Hz, 3H). 1.30 (s. 3H), 2.00 (dq, J = 7.2, 2.5 Hz. 1H). 2.40 (brd. J = 16.7 Hz, 1H), 
IS 2.56 (dd. J = 21 .4. 4.9 Hz, 1 H). 2.69(br ddd. J = 21 .4, 8.1, 3.6 Hz, 1H), 3.00 (d. J = 16.7 Hz, 1H). 5.38 (br d, J = 5.6 Hz, 
1 H). 5.82 (br t, 1H). 5.88 (s. 1 H). 6.11 (s. 1 H), 6.51 (dd, J o 3.6, 1.8 Hz. 1H), 7.12 (dd, J = 3.6, 0.8 Hz, 1H), 7.58 (dd. J 
= 1.8. 0.8 Hz. 1H); MS (ESI) nrVz 327(M+H)+. 

Example B31 

20 

(5'S*.6'R*.7'R*)-SDirori.3-dioxoiane-2.8'-(5'.6'.7'-trimethylbicvclor4.4.01deca-V-ene-3'-one^1 

The compound (4) (in the structural formula, = H) (500 mg. 2.1 mmol) was dissolved in toluene (30 ml), DDQ 
(700 nrtg, 3.1 mmol) was added thereto, and the mixture was heated under reflux for 10 hr. The reaction solution was 
25 cooled, and the resultant precipitate was filtered, and the solvent was removed by distillation under reduced pressure. 
The residue was purified by column chromatography on silica gel (hexane : ethyl acetate » 4 : 1) to give a A^'^-cBenone 
form (490 mg, 98%). 

Cuprorns iodide (1 .5 g. 8 mmol) was added to anhydrous diethyl ether (15 ml) under an argon gas stream, and the 
mixture was cooled to O^'C. A 1 .0 M methyllithium diethyl ether solution (16 ml. 16 mmol) was added thereto, and the 

30 mixture was stirred for 1 5 min. A solution of the above compound (890 mg, 3.8 mmol) in diethyl ether (1 0 ml) was added 
to the reaction solution, and the mixture was stirred for 15 min. A saturated aqueous ammonium chloride solution was 
added to the reaction solution, fbllowed by extraction with ethyl acetate. The organic layer was washed with saturated 
saline and dried over magnesium sulfate, and the solvent was removed by distillation under reduced pressure. The res- 
idue was purified by column chromatography on silica gel (hexane : ethyl acetate = 2 : 1) to give the title compound (5) 

35 (in the structural formula. = CH3 and R^ = H) (594 mg, 63%). 

^ H NMR (CDCI3) 6 0.90 (d. J = 6.9 Hz, 3H), 0.96 (d, J = 6.9 Hz. 3H), 1 .35 (S. 3H), 1 .54 (ddd, J = 17.8, 13.3. 4.4 Hz. 
1H). 1.92 (ddd. J = 13.3. 5.0, 3.0 Hz, 1H). 2.10 (q. J = 6.9 Hz, 1H), 2.10 - 2.20 (m, 2H). 2.28 (ddd, J = 15.0. 4.2. 2.7 Hz. 
1H). 2.63(dddd. J = 17.8, 15.0. 4.2, 2.7 Hz, 1H). 2.77 (dd, 1H). 3.84-4.11 (m, 4H). 5.75 (s, 1H);MS (El) m/i 250 (M)*. 

40 Example B32 

f4'S^5'S.6^R^rR*^SpirQ^1.3■d^03mlane-2■8'-^4Vr-hvdroxv-1"-methoxvcarbonv p^ 
clor4.4.0]deca-1 '-en-3'-oneTl 

45 A 2 M solution of lithium diisopropylamide in THF (3.5 ml, 1 7.5 mnx)l) was added to anhydrous THF (5 ml) at -78*C 
under an argon gas stream, a THF solution (10 ml) containing the compound prepared in Example B31 (690 mg. 2.8 
mmol) was added thereto, and the mixture was stirred for one hr. Subsequently, a saturated solution of zinc chloride in 
THF (3.5 ml) and an anhydrous THF solution containing methyl pyruvate (850 mg, 8.3 mmol) were successively added, 
and the mixture was stirred at -78''C for one hr. A saturated aqueous ammonium chloride solution was added thereto. 

so followed by extraction with methylene chloride. The organic layer was washed with saturated saline and dried over mag- 
nesium sulfate, and the solvent was removed by distillation under reduced pressure. The residue was purified by col- 
umn chromatography on silica gel (hexane : ethyl acetate » 4 : 1 ) to give the title compound (6) (in the structural formula, 
r3 = CH3. = CH3. r5 = H, and R^ = CH3) (763 nfKj, 78%). 

^H NMR (CDCI3) 5 0.85-0.96 (dx2, J = 6.8 Hz, 3H), 1.02-1.11 (dx2, J o 7.2 Hz, 3H), 1.44 (sx2. 3H). 1.55-1.63 (m, 

55 2H). 1.86-1.91 (m, 1H). 2.15 (q. J = 6.8 Hz, 1 H). 2.27-2.38 (m, 2H). 2.58-2.67(m, 1H), 3.74-4.13 (m, 7H). 5.79 (Sx2, IH); 
MS (FAB) m/z 353 (M+H)+. 
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Example B33 

MRr4aR\SR*l-4a.7-DihvdrQ-3.4.4a.5-tetmmethvlnaDhthQf2.3>^^^ 

5 The compound prepared in Example B32 (760 mg. 2.2 mmol) was dissolved in benzene (30 mt). p-toluenesuHbnic 
acid (300 mg, 1.8 mmol) was added to the solution, and the mixture was heated under reflux for 4 hr. The reaction mix- 
ture was cooled, and a saturated aqueous sodium bicarbonate solution was added thereto, followed by extraction with 
ethyl acetate. The organic layer was washed with saturated saline and dried over magnesium sulfate, and the solvent 
was removed by distillation under reduced pressure. The residue was purified by column chromatography on silica gel 

10 (hexane : ethyl acetate = 4 : 1) to give the title compound (460 mg, 85%). 

NMR (CDCI3) 6 0.90 (s, 3H). 1.10 (d, J = 7.2 Hz. 3H), 1.12 (d, J = 6.7 Hz. 3H).1.95 (s. 3H), 2.80 (q, J = 7.2 Hz. 
IN). 2.95 (q. J = 6.7 Hz, 1H), 2.99 (br dd. J = 22.8, 3.8 Hz, 1H). 3.20 (dd. J = 22.8, 3.8 Hz. 1H). 5.91 (m. 1H). 5.98 (s, 
1H):MS(E0nVz258 (M)r 

IS Example B34 

(4Rr4aR\5Rr6S*^-6-Hvdroxv-4a.5.6.74etrahvdro.3.4.4a.5-tetramethvlnaphthor2.34>1^ 

The compound prepared in Example B33 (600 mg. 2.1 mmol) was dissolved in methanol (150 ml), sodium borohy- 
20 dride (45 mg. 1 .8 mmol) was added thereto, and the mixture was stirred at 25''C for 30 min. A saturated aqueous ammo- 
nium chloride solution was added to the reaction solution, followed by extraction with ethyl acetate. The organic layer 
was washed with saturated saline and dried over magnesium suKate. and the solvent was removed by distillatron under 
reduced pressure. The residue was purified by column chromatography on silica gel (hexane : ethyl acetate = 4 : 1) to 
give ttie titie compound (310 mg. 51%). 
25 NMR (CDCI3) 6 0.94 (d. J = 7.5 Hz. 3H). 1.13 (s. 3H). 1.14 (d. J = 7.2 Hz. 3H), 1.93 (s, 3H). 1.95 (dq. J = 7.5, 

2.0 Hz. 1H). 2.40 (br dd. J = 19.8. 5.4 Hz. 1H). 2.60 (br ddd. J = 19.8. 5.4 .3.8 Hz, 1H), 2.82 (q. J = 7.2 Hz, 1H), 4.09 
(br s. 1H). 5.88 (m, 1 H). 5.95 (s, 1 H); MS (El) mfz 260 (M)^ 

Example B35 

30 

f4R^4aR^5q^gSn^6•Ac9tQ?<Y^4a.5.g7•tgtRhYdm-3^4.4a^g-tet^amg^h^ 

The compouTCi prepared in Example B34 (10 mg. 0.04 mmol) was dissolved in methylene chloride (1.0 ml). 4- 
dimetiiylaminopyridine (15.0 mg. 0.12 mmol) and acetyl chloride (20.0 mg. 0.3 mmol) were added thereto, and the mix- 
35 ture was stinred at 25°C for 7 hr. Water was added to the reaction solution, followed by exti-action with methylene chlo- 
ride. The organic layer was washed with saturated saline and dried over magnesium sulfate, and the solvent was 
removed by distillation under reduced pressure. The residue was purified by preparertive TLC (hexane : ethyl acetate = 
4 : 1) to give the title compound (5.7 mg, 50%). 

^HNMR(CDCl3)6 0.95(d. J = 7.1 Hz, 3H), 1.04 (d. J = 7.1 Hz. 3H). 1.60 (s, 3H), 1.93 (s, 3H), 2.06 (s. 3H). 2.11 
40 (dq. J = 7.2. 2.5 Hz. 1 H). 2.40 (br dd. J = 20.6. 5.3 Hz. 1 H). 2.60 (br ddd. J = 20.6. 5.3. 3.8 Hz. 1 H). 2.84 (q. J = 7.2 Hz. 
1 H). 5. 1 8 (m. 1 H). 5.84 (m. 1 KQ. 5.94 (s. 1 H); MS (ESI) m/Sz 303 (M+H)r 

Example Bgg 

45 (4R^4aR^5R^6S*)-6-Prop^o^vloxv-4a.5.6.7-tet^ahvd^o-3■4.4a.5-tetramethvlnaphthof2■3-b1furan-2(4H)-one 

TTie title conpound was prepared in the same manner as in Example B35, except that the compound prepared in 
Example B34 was reacted with propionyl chloride. 

^H NMR (CDCI3) 6 0.95 (d, J = 7.2 Hz. 3H). 1.04 (d. J = 7,2 Hz, 3H), 1.16 (s, 3H), 1.16 (t. J = 7.4 Hz. 3H). 1.93 (s. 
so 3H), 2.12 (dq. J = 7.2, 2.8 Hz, 1H), 2.34 (q. J = 7.4 Hz. 2H). 2.38 (brdd, J = 19.3. 5.5 Hz. 1H). 2.60 (brddd, J = 19.3. 
5.5. 3.8 Hz, 1H). 2.84 (q. J = 7.4 Hz, 1H). 5.20 (m, 1H). 5.83 (m. 1H). 5.94 (s. IH); MS (ESI) m/z 317 (M+H)*. 

Example B37 

55 (4R^4aq^§R^6S')-g-BenzoYlpxY•4a.$.6.7•tetra^Tvc^^g^9■4■4a,5■t 

The compound prepared in Example B34 (10 mg. 0.04 mmol) was dissolved in pyridine (1.0 ml), benzoyl chloride 
(25.0 mg, 0.18 mmol) was added thereto, and the mixture was stirred at 25®C for 2.5 hr. A 15% aqueous potassium 
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hydrogensul^te solution was added to the reaction solution, followed by extraction with ethyl acetate. The organic layer 
was washed with saturated saline and dried over magnesium sulfete, and the solvent was removed by distillation under 
reduced pressure. The residue was purified by preparative TLC (hexane : ethyl acetate » 4 : 1) to give the title com- 
pound (5.7 mg, 50%). 

5 NMR (CDCI3) 6 0.99 (d. J = 7.2 Hz. 3H), 1.12 (d, J = 7.2 Hz. 3H). 1.32 (s. 3H), 1.95 (s. 3H). 2.24 (dq. J = 7.2, 

2.5 Hz. 1H). 2.55 (br dd. J = 20.8. 5.1 Hz. IN). 2.69-2.76 (m. 1H). 2.88 (q. J = 7.2 Hz, 1H). 5.48 (m. 1H), 5.87 (m. 1H), 
5.97 (s. 1H). 7.42-7.99 (m. 5H): MS (FAB) m/z 365 (M+H)+. 

Example B38 

10 

f4R^4aR^5R^6S>6■(2■Furoyl)oxywta.5.6■74eirahy d^o-3.4.4a.5•tet ramethylnaphtho|2. 

The trtle compound was prepared in the same manner as In Example B37. except that the compound prepared in 
Example B34 was reacted with 2-furoyl chloride. 
IS ^H NMR (CDCI3) 8 0.98 (d, J = 7.2 Hz. 3H). 1.10 (d. J = 7.2 Hz, 3H), 1.28 (s. 3H), 1.95 (s. 3H), 2.20 (dq. J = 7.2, 

2.5 Hz, 1H). 2.53 (br dd. J = 20.8. 5.0 Hz, 1H), 2.69 (br ddd, J = 20.8. 5.0. 3.8 Hz. 1H). 2.87 (q. J = 7.2 Hz. 1H). 5.41 
(m. 1H). 5.86 (m. 1H), 5.96 (s. 1H). 6.50 (dd. J = 3.6, 1.8 Hz. 1H). 7.11 (dd. J = 3.6. 0.8 Hz, 1H), 7.58 (dd, J = 1.8, 0.8 
Hz, 1H); MS (ESI) m/^ 355 (M+H)^ 

20 Exftmplg 99 

(4aR^5R^6R^7S>67■P^hydroxy■4a.5,67•tetrahydrQ•3.4a,»tlimethylnaphtho[2.^ 

The compound prepared in Example B1 (5 mg, 0.02 mmol) was dissolved in dioxane (1 ml), selenium dioxide (22 
25 mg, 0.20 mmol) was added thereto, and the mixture was stirred at 50°C for 2 days. The reaction solution was filtered, 
and the solvent was removed by distillation under reduced pressura The residue was purified by preparative TLC (hex- 
ane : ethyl acetate = 1 : 1) to give the title compound (4.5 mg, 86%). 

Rgygrgnge ^cample 2 

30 

f4aR^5R^6R^7S>6^Hvdroxv^7iyopionvloxv•4a.5.6■7^tetrahvdro-^.4a.5■trimethvfnaDhthor2.3^^^^ 

The compound prepared in Example B39 (15 mg, 0.06 mmol) was dissolved in methylene chloride (0.3 ml), dliso- 
propylethylamine (25 ^1. 0.14 mmol) and propionyl chloride (12 mg, 0.13 mnrtol) were added to the solution under ice 
35 cooling, and the mixture was stirred under ice cooling for 30 min and then at 25**C for 1 7 hr. Water was added to the 
reaction solution, followed by extraction with chloroform. The organic layer was washed with a 5% aqueous potassium 
hydrogensulfate solution and then with a saturated aqueous sodium bicarbonate solution and dried over anhydrous 
sodium sulfate, and the solvent was then renxived by distillation under reduced pressure. The residue was purified by 
preparative TLC (hexane : ethyl acetate = 1 : 1) to give the title compound (8.2 mg, 45%). 

40 

Reference E)amDle 3 

(4aR*.5R*.6R*.7S*)-7-Hvdroxv-6-propionvloxv-4a.5.6.7-tetrahydro-3.4a.5-trlmethylnaphtho[2.3-b]furan-2(4H)-one 

45 The compound prepared in Example 839 (9.9 mg, 0.04 mmol) was dissolved In methylene chloride (0.2 ml), 4- 
dlmethyfamlnopyridlne (4.5 mg, 0.04 mmol) and propionyl chloride (9 mg. 0.09 mmol) were added to the solution urxier 
ice cooling, and the mixture was stirred under ice cooling for 30 min and then at 25°C for 22 hr. Water was added to the 
reaction solution, followed by extraction with chloroform. The organic layer was washed with a 5% aqueous potassium 
hydrogensulfate solution and then with a saturated aqueous sodium bicarbonate solution and dried over anhydrous 

so sodium sulfate, and the solvent was then renxsved by distillation under reduced pressure. The residue was purified by 
preparative TLC (hexane : etiiyl acetate =1 : 1) to give the title compound (4.9 mg. 41%). 

Reference Example 4 

ss f4aR*.5R*.6R*.7S>6.7-DlprDpionyloxy^.5.6.7-tetrahydro-3.4a.5-trimetfiylnaphthof2.3-b1fijran-2 

The compound prepared In Example 839 (16 mg, 0.06 mmol) was dissolved in metiiylene chloride (0.35 ml). 4- 
dimethylaminopyridine (38 mg. 0.31 mmol) arxi propionyl chloride (24 ^1. 0.28 mmol) were added to the solution under 
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ice cooling, and the mixture was stirred under tee cooling for 30 min and then at 25''C for18 hr. Water was added to the 
reaction solution, followed by extraction with chloroform. The organic layer was washed with a 5% aqueous potassium 
hydrogensuKate solution and then with a saturated aqueous sodium bicartxinate solution and dried ever anhydrous 
sodium suHate, and the solvent was then removed by distillation under reduced pressure. The residue was purified by 
5 preparative TLC (toluene : ethyl acetate = 5 : 1) to give the title compound (20 mg, 8S%). 

Example B40 

f4^q^§R^gq^7S*)•67•D■hvd^oxy■4a.§,gJ•t9frfthY«J^Q-^.4a■§■9-tgtm 

10 

The title compound was prepared in the same manner as in Example B39. except that the compound prepared in 
Example 61 3 was reacted with selenium dioxide. 

NMR (CDCI3) 6 1.17 (s, 3H), 1.25 (d. J = 7.2 Hz, 3H). 1.80 (dq. J = 7.2. 1.5 Hz. 1H). 1.90 (s. 3H). 2.03 (s. 3H). 
2.17 (d. J « 16.4 Hz. 1H). 2.25-2.37 (m. 2H). 2.83 (d. J « 16.4 Hz, 1H), 3.93(br 8. 1H), 4.40(br8, 1H). 5.76(&. 1H); MS 
IS (ESQ m/z = 277(M+H)*. 

Example B41 

f4aR^5R^6R^7S-)-6.7-Dihvdroxv-4a.5<j^methvl-3-ethvt>4a.5■6.7-tetrahvdronaDmho^2.3-b^furan^ 

20 

The title compound was prepared in the same manner as in Example B39, except that the compound prepared in 
Example B20 was reacted with selenium dioxide. 

^H NMR (CDCI3) 6 1.13 (t, J = 7.5 Hz. 3H), 1,23 (d, J = 7.2 Hz. 3H). 1.26 (d. J = 2.7 Hz, 3H). 1.80 (dq. J = 7.2, 1.5 
Hz. 1 H). 2.20 (d. J = 16.1 Hz, 1 H), 2.30-2.40 (m, 2H). 2.87 (d, J = 16.1 Hz. 1H), 3.94 (br s. 1 H), 4.37 (br s. 1H). 5.65 (s. 
25 1 H), 5.98 (s. 1 H): MS (ESI) m/z = 276(M)+. 

Example B42 

The compound prepared in Example B2 was dissolved in ethanol and adjusted to a concentration of 0.5 mgAnl. 
30 This sample was chromatographed using an optical resolution column (CHIRALPAK AS) by elution with a mobile phase 
(hexane : isopropyl alcohol = 9 : 1) to give optical isomers. 

Angle of rotation: front peak: 0.2^ (nonnatural type) rear peak: -1 0.2® (natural type) 
35 Example B4a 

ffi-R\TRn-Spii^1.a<liQx olane-2.3^f6\r-d imethvlbicvclor4.4.01-deca-1^en-8-^^ 

Compound (4) (in the structural formula. R^ = H) (1 g. 4.24 mmol) was dissolved in methylene chloride (50 ml), and 
40 the solution was cooled to O'^C. A 60% aqueous perchloric solution (1 ml) was added to the solution, and the mixture 
was stinted at that temperature fbr one hr and then at room temperature for 20 min. A saturated aqueous sodium bicar- 
bonate solution (25 ml) was added to the reaction solution, followed by separation. The organic layer was washed with 
saturated saline and dried over magnesium sulfate, and the solvent was removed by distillation under reduced pres- 
sure. The residue was purified by column chromatography on silica gel (hexane : ethyl acetate = 2 : 1) to give a conre- 
45 spending diketone form (797 mg, 78%). The above compound (790 mg. 4.11 mmol) was dissolved in anhydrous 
methylene chloride (5 ml) under an argon gas stream, trimethylsilyl trifluoromethanesulfonate (17 ^1. 0.02 mmol) and 
1,2-bis(trimethylsilyloxy) ethane (1.2 ml, 4.3 mmol) were added to the solution at '78''C. and the mixture was stirred at 
that temperature for 4 days. An excess of pyridine was added to the reaction solution, the temperature of the mixture 
was raised to 25''C. a saturated aqueous ammonium chloride solution was added thereto, followed by extraction with 
so ethyl acetate. The organic layer was washed with saturated saline and dried over magnesium sulfate, and the solvent 
was removed by distillation under reduced pressure. The residue was purified by column diromatography on silica gel 
(hexane : ethyl acetate » 2 : 1) to give the title compound (730 mg. 75%). 

^H NMR (CDCI3) 5 0.92 (s. 3H). 0.98 (d, J = 6.8 Hz. 3H). 1.64-1.86 (m.4H), 2.47 - 2.50 (m, 4H). 2.56 - 2.68 (m, 
1H). 3.92 -4.08 (m. 4H), 5.47 (s, 1H); MS (ESQ m/z 237 {M+Hi*. 

ss 
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Example B44 

f6R^7S^8S^9R*V8^Hvdroxv^■7■9■t^^methvlbicvdor4.4.Q^deca■^ 

5 A 2 M solution of lithium diisopropylamide in THF (2.0 ml. 4.0 mmol) were added to anhydrous THF (2 ml) at -78**C 

under an argon gas stream, a THF solution (5 ml) containing the compound (8) (in the structural formula. = H and 
r5 = H) (730 mg, 3.8 mmol) was added thereto, and the mixture was stirred for one hr. Methyl Iodide (1 .4 mg, 10 mmol) 
was added thereto, the temperature was raised to 25°C, and the mixture was stined for one hr. A saturated aqueous 
ammonium chloride solution was added to the reaction mixture, followed by extraction with ethyl acetate. The organic 

10 layer was washed with saturated saline and dried over magnesium sulfate. The solvent was removed by distillation 
under reduced pressure. The resultant crude product was dissolved in THF (10 ml), lithium borohydride (30 mg, 1.4 
mmol) was added thereto, and the mixture was stirred at aS'^C for 14 hr. A saturated aqueous ammonium chloride solu- 
tion was added to the reaction mixture, followed by extraction with methylene chloride. The organic layer was washed 
with saturated saline and dried over magnesium sulfate, and the solvent was removed by distillation under reduced 

15 pressure. Suk)sequently. the resultant crude product was dissolved in acetone (10 ml), p4oluenesulf6nic acid (20 mg, 
0.1 mmol) was added thereto, and the mixture was stirred at 25''C for 20 min. A saturated sodium bicarbonate solution 
was added to the reaction solution, fbilowed by extraction with ethyl acetate. The organic layer was washed with satu- 
rated saline and dried over magnesium sulfate, and the solvent was removed by distillation under reduced pressure. 
The residue was purified by column chromatography on silica gel (hexane : ethyl acetate = 4 : 1) to give the title com- 

20 pound (250 mg, 40%). 

^H NMR (CDCI3) 6 0.91 (d. J = 7.3 Hz, 3H). 1,08 (d, J = 7.3 Hz. 3H), 1.31 (s. 3H). 1.64 (dq, J = 7.3. 2.9 Hz, 1H), 
1.61 - 1.73 (m. 2H), 1.93 (br d. J = 13.9 Hz, 1H), 2.03 (ddd. J = 13.9. 5.1. 2.9 Hz. 1H). 2.12 - 2.20 (m. 1H), 2.29 - 2.35 
(m, 1H), 2.45 (dd, J = 14.6, 5.1 Hz. 1H). 3.04 (ddd. J = 14.6, 3.6, 1.7 Hz, 1H), 3.61 (s, 1H), 5.79 (s, 1H); MS (ESI) m/z 
209 (M+H)+. 

25 

Example B45 

(4S^6R^7R^8S^9R*)-4-f1^Hvdroxv-1'-methoxyca rtxsnv^ethvi■84f2-me1hoxvethoxvlmethow^ 
ctor4.4.01deca-1 -en-3-one 

30 

Compound (9) (in the structural formula, = CH3, R^ = H, and R^ = H) (245 mg. 1.18 mrTX)l) was dissolved in 
methylene chloride (8 ml), diisopropylethylamine (300 mg. 2.36 mmol) and p-methoxyethoxymethyl chloride (300 mg. 
2.36 mmol) were added thereto, and the mixture was stirred at 25**C for 14 hr. A saturated aqueous ammonium chloride 
solution was added to the reaction solution, followed by extraction with ethyl acetate. The organic layer was washed with 

35 saturated saline and dried over magnesium sulfate, and the solvent was removed by distillation under reduced pres- 
sure. The residue was purified by column chromatography on silica gei (hexane : ethyl acetate = 4 : 1) to give a corre- 
sponding MEM form (307 mg. 88%). A 2 M solution of lithium diisopropylamide in THF (0.5 ml, 1 .0 mmol) was added to 
anhydrous THF (2 ml) at -78'*C under an argon gas stream, a THF solution (4 ml) containing the compound prepared 
just above (307 mg. 1 .0 mmol) was added thereto, and the mixture was stinted for one hr. Sutssequently, a saturated 

40 solution of zinc chloride In THF (0.3 ml) and a THF solution (2 ml) containing methyl pyruvate (150 mg, 1 .5 mmol) were 
successively added, and the mixture was stirred at -78°C for 20 min. A saturated aqueous amnnonium chloride solution 
was added thereto, fbilowed t)y extraction with ethyl acetate. The organic layer was washed with saturated saline and 
dried over magnesium sulfate, and the solvent was removed by distillation under reduced pressure. The residue was 
purified by column chromatography on silica gel (hexane : ethyl acetate = 4 : 1) to give the title compound (310 mg, 

45 75%). 

^ H NMR (CDCI3) 6 0.86(d x 2, J = 7.0 Hz, 3H), 1 .04 - 1 .08( d x 2, J = 7.2 Hz. 3H), 1 .30 (s, 3H). 1 .32 - 1 .34 (s x 2. 
3H), 1.67-1 .79 (m, 2H), 1 .90 - 2.19 (m, 2H), 2.28 - 2.31 (m, 1H), 2.71 - 3.03 (dd x 3. J = 14.0, 5.1 Hz. 2H), 3.36 - 3.40 
(S X 2. 3H), 3.45 (br s, 1 H), 3.71 - 3.79 (S x 2, 3H). 3.56 - 3.83 (m. 4H). 4.71 - 4.84 (d x 2, J = 7.1 Hz. 2H). 5.73 - 5.75 
(s X 2. 1H); MS (ESQ m/z 399 (M+H)+. 

so 

Example B46 

f4aR*.5R*.6Sr7RM-6-Hvdroxv-4a.5.6.7-tetrahvdro-3.4a.5.7-tetramethvlnaphtiTor2.3-blfuran-2f4H^^ne 

55 Compound (10) pn the structural formula, R*" « CH3. R^ = H, R^ = CH3, R^ = H, and « MEM) (310 mg. 0.78 
mmol) was dissolved in benzene (10 ml), p-toluenesuHbnic acid (80 mg. 0.42 mmol) was added to the solution, and the 
mixture was heated urxJer reflux for 30 min. The reaction solution was cooled, a saturated aqueous sodium bicarbonate 
solution was added thereto, fbilowed by extraction with ethyl acetate. The organic layer was washed with saturated 
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saline and dried over magnesium sulfate, and the solvent was then removed by distillation under reduced pressure. The 
residue was purified by column chromatography on silica gel (hexane : ethyl acetate = 4 : 1) to gh^e the title compound 
(60 mg. 30%). 

NMR (CDCb) S 0.98 (d. J = 7.6 Hz, 3H), 1.10 (S. 3H), 1.14 (d. J = 7.3 Hz. 3H). 1.72 (dq. J = 7.3. 2.4 Hz. 1H). 
5 1.84 (s. 3H).2.10(brd. J = 16.1 Hz. 1H).2.41 (m. 1H). 2.77 (d. J = 16.1 Hz. 1 H). 3.62 (br s. 1 H). 5.67 (d. J = 4.6 Hz. 
1H). 5.91 (s. 1H); MS (ESI) m/z 261 (M+H)*. 

Example B47 

10 (4aR^5R^6S^7Rn-6-Acetoxv-4a.5■6■7-tetrahvdro-3■4a■57-tet^amethvl^aDhtho^2.343^furan-2(^ 

The compound prepared in Exanple B46 (8 mg. 0.03 mmol) was dissolved in methylene chloride (1.0 ml). 4- 
dimethylaminopyridrne (15 mg, 0.12 mmol) and acetyl chloride (20.0 mg. 0.3 mmol) were added thereto, and the mix- 
ture was stirred at 25*^0 for 1 4 hr. Water was added to the reaction solution, followed by extraction with methylene chlo- 
15 ride. The organic layer was washed with saturated saline and dried over magnesium suKate. and the solvent was 
removed by distillation under reduced pressure. The residue was purified by preparative TLC (hexane : ethyl acetate = 
4 : 1) to give the title compound (5.1 g, 55%). 

^H NMR (CDCI3) 5 1.10 (d. J = 7,1 Hz. 3H). 1.11 (d, J = 7.3 Hz. 3H). 1,15 (s, 3H), 1.92 (s. 3H). 1.92 (dq. J = 7.3, 
2.7 Hz. 1H), 2.06 (s, 3H). 2.20 (br d, J = 16.1 Hz. 1H). 2.44 (m, 1H), 2.86 (d. J = 16.1 Hz. 1H). 4.81 (m. 1H). 5.69 (d. J 
20 = 4.6 Hz. 1 H). 5.97 (s. 1 H); MS (ESI) mfz 303 (M+H)^ 

Example B48 

f4aR^5R^es^7R*)■e■Pr9pfonyloxY^4a■5.6J•tet^ahyc^^Q-g,4a,57^tetra^^^ 

25 

The title conrpourxl was prepared in the same manner as in Example B47. except that the compound prepared in 
Example B46 was reacted with propionyl chloride. 

^H NMR (CDCI3) $ 1.09 (d, J = 7.5 Hz. 3H). 1.12 (d. J = 8.0 Hz. 3H). 1.14 (s, 3H). 1.14 (t. J = 7.5 Hz, 3H). 1.92 (s. 
3H), 1.94 (dq. J o 7.8. 2.7 Hz. 1H). 2.02 (d, J « 16.8 Hz. 1H). 2.34 (q. J = 7.5 Hz. 2H). 2.42 (m, 1H), 2.85 (d. J 16.8 
30 Hz, 1 H). 4.81 (m. 1 H). 5.69 (d. J « 4.6 Hz. 1 H). 5.96 (s. 1 H); MS (ESI) nrt/i 31 7 (M+H)^ 

Example B49 

(4aR^5R^6$^7R*)-6'Be^zoylo)Qr-4^.5.6.7-tet^ahydrQ-3■4fl.5■7'tetramethylnaphthQ[2.^-b]fu^an-2 

35 

The compound prepared in Example B46 (10 mg, 0.04 mmol) was dissolved in pyridine (1.0 ml), benzoyl chloride 
(25.0 mg. 0.18 mmol) was added thereto, and the mixture was stirred at 25''C for 2.5 hr. A 15% aqueous potassium 
hydrogensulfate solution was added to the reaction solution, followed by extraction with ethyl acetate. The organic layer 
was washed with saturated saline and dried over magnesium sulfate, and the solvent was removed by distillation under 
40 reduced pressure. The residue was purified by preparative TLC (hexane : etiiyl acetate » 4 : 1) to give the titie com- 
pound (4.0 mg. 35%). 

^H NMR (CDCI3) 6 1.18 (d. J = 7.1 Hz. 3H). 1.20 (d. J = 7.6 Hz, 3H). 1.31 (s. 3H), 1.94 (s, 3H). 2.07 (dq. J = 7.1. 
2.9 Hz, 1H). 2.27 (br d. J » 16.1 Hz. 1H). 2.60 (brdq. J ° 7.1. 4.4 Hz, 1H). 2.91 (d. J = 16.1 Hz, 1H). 5.07 (m. 1H), 5.73 
(d. J = 4.4 Hz, 1 H). 6.00 (s. 1 H), 7.42 -8.12 (m. 5H): MS (ESI) mtz 365 (M+H)^ 

45 

Example B5Q 

f4aR^5R^6S^7RM-6-f2.FurovnQxv■4a.5.6.7■ietrahvdrQ■3.4a.5.7-tet^amethvfnaphthoK 

50 The title compound was prepared in the same manner as in Example B49. except that the compound prepared in 
Example B46 was reacted with 2-furoyt chloride. 

^H NMR (CDCI3) 6 1.16 (d, J = 7.1 Hz. 3H). 1.17 (d. J = 7.3 Hz. 3H). 1.26 (s. 3H). 1.93 (s. 3H). 2.02 (dq. J = 7,3. 
2.7 Hz, 1H), 2.24 (br d. J = 16.1 Hz. 1H), 2.57 (br dq. J = 7.3. 4.6 Hz. 1H). 2.89 (d. J = 16.1 Hz. 1H). 5.04 (m, 1H). 5.72 
(d, J « 4.6 Hz, 1H). 5.99 (s. 1H). 6.50 (dd. J o 3.6. 1.8 Hz. 1H). 7.1 1 (dd, J = 3.6, 0.7 Hz, 1H), 7.58 (d. J = 1.8, 0.7 Hz, 

55 1 H); MS (ESQ nVz 355 (M+H)^. 
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Example CI 

(3R.4R■5RV^)^■4■Dimethvi-5-^wdroxvme1l^vI-2■furanone 

^ (R)-(+)-5-Hydroxynnethyl-2(5H)-furanone (1 .94 g, 1 7.0 mmol) was dissolved in anhydrous pyridine (60 md), triphe- 

nylnnethyl chloride (14.3 g, 51.2 mnrx)!) was added to the solution at room temperature, and the mixture was stirred for 
6 hr. Etharx)! was added to the reaction solution at 0**C, and the mixture was stirred for one hr. The reaction solution 
was concentrated under reduced pressure, and the concentrate was subjected to azeotropic distillation twice with tolu- 
ene and purified by column chromatographic separation on silica gel (hexane : ethyl acetate = 3 : 1 to 2 : 1) to give (R)- 

10 (+)-5-triphenylmethyloxymethyl-2(5H)-furanone (5.47 g, 90%). 

^ H NM R (CDCI3) 6 3.39 (dd. J = 1 0.0. 5.0 Hz, 1 H). 3.41 (dd. J = 1 0.0, 5.0 Hz, 1 H), 5.08 (dddd, J = 5.0, 5.0, 1 .5, 1 .5 
Hz. 1 H), 6.19 (dd, J = 6.0, 2.0 Hz, 1 H). 7.2-7.5 (m. 16H); [afc +87'» (c 0.7. CHQs). 

Copper iodide (I) (6.49 g, 34.1 mmol) was suspended in anhydrous ether (1 20 ml) under an argon atmosphere, and 
a 1 .0 M solution of methyllithium in ether (64.9 ml. 64.9 mmol) was added to the suspension at O'^C. The resultant color- 

15 less and transparent solution was cooled to -78**C. and chlorotrimethylsilane (4.3 ml, 34.0 mmol) was added thereto. 
The mixture was stirred for 15 min. and a solution of the compound prepared just above (6.06 g. 1 7.0 mmol) in anhy- 
drous THF (8 ml) was added to the reaction solution, followed by stirring for 2 hr. The reaction solution was poured into 
a mixed solution of ethyl acetate and water, sodium thiosuHate was added thereto, and the mixture was stirred until the 
mixed solution became colorless and transparent, followed by separation. The organic layer was concentrated under 

20 reduced pressure. The concentrate was then purified by column chromatographic separation on silica gel (hexane : 
ethyl acetate = 3 : 1) to give (4R,5R)-(-)-4-methyl-5-triphenylmethyloxymethyl-2-furanone (4.50 g. 71%). 

^H NMR(CDCl3) 8 1.16 (d, J = 7.0 Hz, 3H), 2.17 (dd. J = 17.5, 7.0 Hz, 1H), 2.48 (dddq, J = 8.0, 8.0, 8.0. 7.0 Hz, 
1H). 2.82 (dd, J = 17.5. 8.0 Hz, 1H), 3.18 (dd, J = 11.0, 4.0 Hz, 1H). 3.42 (dd. J = 1 1.0. 3.0 Hz, 1H). 4.14 (ddd. J = 8.0, 
4.0, 3.0 Hz. 1H), 7.2-7.5 (m, 15H); [ab -34<» (c 1.2, CHCI3). 

25 The compound prepared just above (2.14 g. 5.77 mmol) was dissolved in anhydrous THF (43 ml) under an argon 
atmosphere, and a 1 .0 M solution of lithiumbistrimethylsilylamide In hexane (5.48 ml, 5.48 mmol) was added to the solu- 
tion at -78'*C. The solution was stinred for one hr. methyl iodide (3.59 ml, 57.7 mmol) was added thereto, and the mixture 
was stirred for additional 2 hr. The reaction solution was poured into a mixed solution of ethyl acetate and water, fol- 
lowed by separation. The organic layer was concentrated under reduced pressure. The concentrate was then purified 

30 by column chromatographic separation on silica gel (hexane : ether s 5 : 2) to give (3 R,4R,5R)-(-)*3,4-dimethyl-5-triphe- 
nylmethyloxymethyl-2-furanone (1 .32 g, 60%). 

^H NMR (CDCI3) 5 0.95 (d, J = 7.5 Hz. 3H). 1.16 (d. J = 7.5 Hz. 3H). 2.47 (ddq. J = 7.5, 7.5. 5.0 Hz, 1H). 2.87 (dq. 
J = 7.5. 7.5 Hz. 1H). 3.20 (dd. J = 10.5. 5.0 Hz, 1H), 3.40 (dd, J = 10.5, 5.0 Hz. 1H). 4.14 (q-like. J = 5.0 Hz. 1H), 7.2- 
7.5 (m, 15H); [a]D -34* (c 1.2. CHCI3). 

35 The compound (2.09 g, 5.41 mmol) prepared just above was dissolved in a 90% aqueous methanol solution (60 
ml), Amberlyst IR-15 (H*) (0.42 g) was added thereto, and a reaction was allowed to proceed at 80**C for 19 hr. The 
resin was removed from the reaction solution by filtration, and the mother liquor was concentrated under reduced pres- 
sure. The concentrate was then purified by column chromatographic separation on silica gel (methylene chloride : ethyl 
acetate 3 : 1) to give the title compound (0.71 g, 92%). 

40 ^H NMR (CDCI3) 6 1.06 (d. J « 7.0 Hz, 3H). 1.18 (d. J = 7.5 Hz. 3H). 1.98 (t-like. J := 7.0 Hz. 1H), 2.55 (ddq. J = 7.5. 
7.5. 7.0 Hz, 1H). 2.81 (dq, J = 7.5, 7.5 Hz, 1H), 3.70 (ddd, J «= 12.5, 7.0. 5.0 Hz. 1H), 3.90 (ddd. J = 12.5, 7.0, 3.0 Hz, 
1H), 4.14 (ddd. J = 7.5, 5.0, 3.0 Hz, 1H): [ab -56** (c 2.1. CHCI3). 

Example C2 

45 

f3R.4R.5RW->-S-DimethQxymethyl -3.4-dimethyl-2-furanQn6 

Oxalyl chloride (1.04 ml, 12.1 mmol) was dissolved in anhydrous methylene chloride (17.5 ml) under an argon 
atmosphere. The solution was cooled to -78**C. and a solution of DMSO (1.29 ml, 18.2 mnx)!) in anhydrous methylene 

so chloride (2 ml) was dropwise added to the cooled solution. After foaming quieted down, a solution of the compound pre- 
pared in Example CI (0.87 g. 6.07 mmol) in anhydrous methylene chloride (2 ml) was added to tiie reaction solution, 
and the mixture was stirred for 20 min. Triethylamine (4.23 ml, 30.3 mnrK>Q was added thereto, and the mixture was 
stin'ed at -78®C for 1 5 min and then at room temperature for 1 5 min. The reaction solution was poured into a mixed solu- 
tion (50 ml) composed of methyl orthofbrmate and methanol (=4:1) and containing camphorsulfonic acid (7.75 g, 33.6 

55 mmol), and a reaction was allowed to react at room temperature for 30 min. The reaction solution was concentrated 
under reduced pressure, and the concentrate was dissolved in a mixed solution of ethyl acetate and water, followed by 
separation. The organic phase was concentrated under reduced pressure, and the concentrate was then purified by 
column chromatographic separation on silica gel (hexane : ethyl acetate = 4 : 1) to give the titie compound (1.10 g. 
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96%). 

NMR (CDCI3) 5 1.02 (d. J = 7.0 Hz. 3H), 1.11 (d, J = 7.5 Hz. 3H), 2.65 (ddq. J = 9.0, 7.5. 3.5 Hz. 1H). 2.85 (dq. 
J = 9.0, 7.5 Hz, 1H), 3.44 (s, 3H), 3.45 (s» 3H), 4.01 (dd, J = 3.5, 3.0 Hz. 1H), 4.36 (d, J = 3.0 Hz. 1H); MS (FAB) mfe 
189 (M+H)*: [ab -4.0" (C 1.1. CHCI3). 

5 

Example C3 

(3R.4R.5R)-2-BeruenesuHonvlmethyl-5Kiimethoxvmethvl-3.4-dimetM-2-hvdroxvoxola 

10 Methytphenylsulfone (0.98 g, 6.25 mmol) was dissolved In anhydrous THF (30 ml) under an argon atmosphere. The 
solution was cooled to -78^C, and a 1 .6 M solution of n-butyllrthium in hexane (3.6 ml. 5.76 mmol) was dropwise added 
to the cxx)led solution. The mixture was stirred for 30 min. a solution of the compound prepared in Example C2 (0.90 g, 
4.80 mmol) in anhydrous THF (4 ml) was added thereto, and the mixture was stirred at -78''C for 30 min. After the com- 
pletion of the reaction, an aqueous ammonium chloride solution was added, and the temperature of the mixture was 

IS raised Id room temperatura The reaction solution was concentrated under reduced pressure, and ether was added to 
the oorK»ntrate, followed by separation. The organic layer was concentrated under reduced pressure, and the concen> 
trate was then purified by column chromatographic separation on silica gel (methylene chloride : ethyl acetate » 15 : 1) 
to give the title compound (1 .41 g. 85%). 

^H NMR (CDCI3) : (major) 6 0.96 (d. J = 7.5 Hz. 3H), 1 .05 (d. J = 7.0 Hz. 3H). 1 .9-2.2 (m. 2H). 3.09 (s. 3H), 3.22 (s, 

20 3H). 3.4-3.8 (m. 3H), 4.86 (s, 1 H), 7.4-7.7 (m, 3H), 7.9-8.1 (m, 2H). 

^H NMR (CDCI3) : (minor) 6 0.82 (d, J = 7.5 Hz. 3H). 0.99 (d, J = 7.0 Hz. 3H). 2.3-2.7 (m, 2H), 3.37 (s, 3H). 3.41 (s. 
3H), 3.4-3.8 (m, 2H), 4.29 (d. J o 6.0 Hz. 1H). 4.75 (s, 1H), 7.4-7.7 (m. 3H). 7.9-8.1 (m, 2H). 

Example C4 

25 

r3R.4R.5R)-1-BenzenesuHbnYt-2.5-di(t-butyldimethyisilylaxy)-6.6-di 

The compound (0.54 g, 1.18 mmol) prepared in Example 03 was dissolved in anhydrous THF (20 ml) under an 
argon atmosphere, 2.6-lutidine (0.40 ml. 3.55 mmol) and t-butyldimethylsityl trifluoromethanesulfonate (0.57 ml. 2.35 
30 mmol) were successively added to the solution, and a reaction was allowed to react at room temperature for 1 3 hr. After 
the conpletion of the reaction, the reaction solution was concentrated under reduced pressure, and the concentrate 
was then purified by column chromatographic separation on silica gel (toluene : ether = 10 : 1) to give the title com- 
pound (0.61 g. 90%). 

^H NMR (CDCI3) 6 0.06 (s. 3H). 0.09 (s. 3H), 0.23 (s. 6H). 0.8-0.9 (m. 3H). 0.89 (S, 18H). 1,15 (d. J = 7.0 Hz. 3H). 
35 1.5-1.6 (m. 1H). 2.37 (dq. J = 11.5, 7.5 Hz, 1H), 3.33 (s, 3H). 3.44 (s. 3H), 3.73 (dd. J = 7.0, 2.5 Hz. 1H). 4.12 (d. J = 
7.0 Hz, 1H). 5.60 (S. 1H). 7.4-7.6(m, 3H). 7.8-7.9 (m. 2H). 

Example C5 

40 f4R.4R.6RVf4.V2-B6nzenesulfonvl-4-ft-butvldimethvlsiMoxvV5.6<limethvl-2-cvclohexen-1-one 

The compound prepared in Example C4 (1.39 g, 2.43 mmol) was dissolved in anhydrous methylene chloride (30 
ml) under an argon atmosphere. The solution was cooled to - 78'*C. and tin(IV) chloride (0.3 ml, 2.56 mmol) was drop- 
wise added to the cooled solution. The reaction solution was stirred for one hr, tin(IV) chloride (0.6 ml, 5.12 mmol) was 

45 again dropwise added to the reaction solution, and the mixture was stirred for additional 2 hr. After the completion of 
the reaction, an aqueous sodium hydrogencartxxiate solution was added thereto, and the temperature of the mixture 
was raised to room temperature, followed by separation. The organic layer was concentrated under reduced pressure, 
and ttie concentrate was then purified by column chromatographic separation on silica gel (toluene : ether - 15 : 1) to 
give the titie compound (0.87 g.91%). 

so ^H NMR (CDCI3) 8 0.15 (s. 3H), 0.19 (s. 3H), 0.74 (d, J = 7.0 Hz. 3H). 0.95 (s, 9H). 1 .05 (d. J = 7.0 Hz. 3H), 2.32 

(dddq, J = 7.0. 5.0, 3,5. 1.5 Hz. 1H). 2.59 (dq. J = 7.0. 3.5 Hz. 1H). 4.89 (dd, J = 5.0. 1.5 Hz. 1H). 7.4-7.6 (m, 3H). 7.78 
(t-like. J = 1.5 Hz. 1H). 7.8-7.9 (m. 2H): MS (FAB) m/i 395 (M+H)*; [ob +162* (c 1.2. CHQa). 

Exampig Qg 

55 

(2R.3R.4R)-(+)-4-t-Butvldimethvlsilvloxv-2.3<limethvlcvclohexanone 

The compound (0.41 g. 1 .04 mnrx)!) prepared in Example 05 was dissolved in a 90% aqueous 1 ,4-dioxane solution 
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(25 ml), and disodium hydrogenphosphate (0.59 g. 4.18 mmol) was added to the solution. Aluminum-mercury amalgam 
(aluminum: 0.42 g, 15 mmol) was added to the reaction solution, and the mixture was vigorously stirred at room tem- 
perature for 4 hr. After the completion of the reaction, the alumina was removed by filtration, and the f Otrate was con- 
centrated under reduced pressure. The concentrate was again dissolved in a mixed solution of ether and water, 
5 followed by separation. The organic layer was concentrated under reduced pressure, and the concentrate was then 
purified by column chromatographic separation on silica gel (hexane : ether = 6 : 1) to give the title compound (0.15 g, 
56%). 

■•h NMR(benzene-d6) S 0.05 (s, 3H), 0.06 (s, 3H), 0.82 (d, J = 7.0 Hz. 3H), 0.99 (s, 9H), 1.03 (d, J = 7.0 Hz. 3H), 
1.5-1.6 (m, 1H). 1.75 (dddd, J = 12.5, 12.5, 10.5, 5.0 Hz, 1H), 1.86 (ddd. J = 13.5. 12.5, 7.0 Hz. 1H), 1.9-2.2 (m, 2H), 
10 2.21 (ddd. J « 13.5. 5.0. 3.5 Hz, 1 H). 3.88 (ddd, J » 10.0. 4.5, 4.5 Hz. 1 H); [ah +24*» (c 1 .2, CHCIa). 

Example C7 

(6R.7R.8S>-8-t-Butyldimcthvfsilvloxv-6.7-dimethvlbicvclQr4.4.0Tdeca-1-en-3-one 



The compound (0.18 g, 0.70 mmol) prepared in Example C6 was dissolved in anhydrous methylene chloride (3.6 
ml) under an argon atmosphere. HexamethyWIsilazane (0.19 ml. 0.91 mmol) and trimethylsilane iodide (0.11 ml, 0.77 
mmol) were successively added to the solution, and a reaction was allowed to react at room temperature for 30 min. 
The reaction solution was diluted with hexane. the resultant precipitate was removed through Florisil. and the filtrate 

20 was evaporated to dryness. The residue was dissolved in anhydrous THF (4.0 ml) under an argon atmosphere, and the 
solution was cooled to -78*C. A 1 .0 M solution of methyllithium in ether (0.78 ml. 0.78 mmol) was added to tiie cooled 
solution, the temperature of the mixture was raised to room temperature, and the mixture was stirred for 30 min. The 
reaction solution was again cooled to -78''C. a-trimethylsilytmethyl vinyl ketone (0.24 g, 1 .41 mmol) was added to the 
cooled solution, the temperature of the mixture was raised to 0°C. and the mixture was stin-ed for one hr. The reaction 

25 solution was cBluted with ether, an aqueous ammonium chloride was added thereto, the temperature was raised to room 
temperature, followed by separation. The organic layer was evaporated to dryness. The residue was dissolved in meth- 
anol (3 mi), a 28% solution of sodium methoxide in methanol (0.14 g, 0.70 mmol) was added thereto, and a reaction 
was allowed to proceed at 50*^0 for 2 hr. Ammonium chloride was added to the reaction solution to pH 7. and the reac- 
tion solution was then concentrated under reduced pressure. The concentrate was then purified by column chromato- 

30 graphic separation on silica gel (hexane : ethyl acetate = 5 : 1) to give the title compound (0.12 g, 57%). 

^H NMR (CDCI3) 5 0.07 (s. 3H). 0.08 (s. 3H), 0.93 (s, 9H). 1.01 (d, J = 7.0 Hz. 3H). 1.30 (s, 3H), 1.42 (dq, J = 7.0. 
3.0 Hz. 1H). 1.6-1.7 (m. 1H). 1.65 (ddd. J = 14.5. 14.5. 5.0 Hz. 1H). 1.90 (dddd. J := 14.0, 6.0. 5.0, 3.0 Hz. 1H). 2.00 
(ddd. J = 14.5, 5.5. 3.0 Hz. 1H). 2.08 (ddd. J = 14.0, 3.0, 3.0 Hz. 1H). 2.31 (dddd. J = 18.0. 5.0, 3.0. 1.0 Hz, 1H), 2.47 
(ddd. J = 18.0. 14.5, 5.5 Hz, IH), 2.82 (dddd, J = 14.0. 14.0. 5.0. 2.0 Hz, 1H), 3.86 (br q, J = 3.0 Hz. 1H). 5.76 (br s. 

35 1 H); MS (FAB) mfz 309 (M+H)+; [aJo +142» (c 1 .0. CHCI3). 



f4R.6R.7R.8S)-8-t-Butyldimethylsilyloxy-4-f 1 '-hydroxv^l '-mgthQxv carbonvnethvl-6.7-dimethvlbicvclor4.4.0Tdeca-1 -en- 
40 3-one 

The compound prepared in Example C7 (0.12 g, 0.40 mmol) was dissolved in anhydrous THF (3 ml) under an 
argon atmosphere, and a 1 .0 M solution of lithiumbistrimethylsilylamide in hexane (2.0 ml, 2.0 mmol) was added to the 
solution at -78°C. TTie mixture was stirred for 30 min, a 1 .0 M solution of zinc(II) chloride in ether (0.44 ml, 0.44 mmol) 

45 was poured into the mixture. The mixture was stirred for 10 min, methyl pyruvate (0.18 ml. 1 .99 mmol) was dropwise 
added to the mixture, and the mixture was stirred for additional 30 min. Thereafter, tiie reaction solution was diluted witii 
etiier. an aqueous ammonium chloride solution was added thereto, the temperature was raised to room temperature, 
followed by separation. The organic layer was concentrated under reduced pressure, and tiie concentrate was tiien 
purified by column chromatographic separation on silica gel (hexane : ethyl acetate = 3 : 1) to give the title corrpound 

50 (0.16 g, 97%). 

^H NMR (CDCI3) : (major) 80.07 (s, 6H), 0.93 (s. 9H). 1.02 (d, J = 7.0 Hz. 3H). 1.3-2.2 (m. 12H). 2.71 (dd. J = 13.5. 
5.5 Hz. IN). 2.80 (m. IH). 3.73 (s. 3H). 3.86 (m. IH). 4.87 (s. 1H), 5.75 (d. J = 2.0 Hz. IH); 

^H NMR (CDCI3) : (minor) 50.07 (s. 6H). 0.93 (s, 9H). 1.05 (d. J = 7.0 Hz. 3H). 1.3-2.2 (m. 12H). 2.80 (m. IH). 3.03 
(dd. J = 15.0. 5.0 Hz, IH). 3.36 (s. IH), 3.81 (s. 3H). 3.86 (m, IH). 5.72 (d. J = 2.0 Hz. IH). 
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Examote C9 

f4aR.5R.6SK-^-6-Hvdro xvwta.5.6.74et mhvdro>3.4a.5- trimethvlnaDmhor2.^ 

5 The compound prepared in Example C8 (0.1 6 g. 0.39 mmol) was dissolved In a 90% aqueous 1 ,4-diOKane solution 
(8 ml). camphorsuHbnic acid (0.10 g. 0.44 mmol) was added thereto, and a reaction was allowed to proceed at lOS^C 
for 28 hr. The reaction solution was neutralized with sodium hydrogencartxsnate to pH 7 and then ooncentrated under 
reduced pressure. The concentrate was then purified by column chromatographic separation on silica gel (toluene : 
ether = 2 : 1) to give the title compound (49 mg, 51%). 

10 NMR (CDCI3) 6 1.18 (s. 3H), 1 .21 (d, J = 7.0 Hz. 3H). 1 .76 (dq. J = 7.0. 2.0 Hz, 1 H), 1 .91 (br s, 3H), 2.20 (br d, 

J = 16.0 Hz. 1H), 2.42 (dd. J = 20.0. 4.0 Hz, 1H), 2.59 (ddd. J = 20.0. 4.0. 3.0 Hz. 1H), 2.83 (d, J = 16.0 Hz. IH), 4.04 
(br s. 1H). 5.76 (br t. J = 4.0 Hz, 1H), 5.99 (s, IH); MS (FAB) m/z 247 (M+H)+: -224» (c 0.5. CHCI3). 

Example C1Q 

IS 

Substance PF1092C 

Selenium dioxide (36 mg, 0.32 mmol) was suspended in a 97% aqueous 1 ,4-dioxane solution (0.6 ml), and the sus- 
pension was stin'ed at 105*^C for 30 min. The compound prepared in Example C9 (27 mg. 0.11 mmol) was added to the 

20 reaction solution, and a reaction was allowed to proceed at 1 0S^'C for 2 1 hr. Thereafter, tiie reaction solution was diluted 
with ether, an aqueous sodium thiosuifate was added thereto, and the stirring was continued until the organic phase 
became transparent, followed by separation. The organic layer was concentrated under reduced pressure, and the con- 
centrate was then purified by column chromatographic separation on silica gel (toluene : ethyl acetate = 1 : 1) to give 
the title compound (a compound represented by the general formula (I) wherein and R^ represent a hydrogen atom) 

25 (15mg. 53%). 

m.p: 169-1 74''C (decomp.). white acicular crystal (recrystallized from toluene) 

^ H NMR (CDCI3) 5 1 .21 (s. 3H), 1 .26 (d. J » 7.0 Hz. 3H), 1 .80 (dq. J := 7.0, 1 .5 Hz, 1 H), 1 .92 (br s. 3H). 2. 1 9 (br d. 
J = 16.0 Hz. IH). 2.27 (d. J » 3.0 Hz. IH). 2.29 (d. J = 8.0 Hz. IH), 2.85 (d. J « 16.0 Hz, IH). 3.94 (ddd. J = 5.0. 3.0. 
1.5 Hz. IH), 4.39 (ddd. J « 8.0. 5.0. 2.0 Hz. 1H), 5.66 (br s. IH). 5.99 (s, IH); MS (El) m/z 262 (M)^; [ab -97» (c 0.5. 

30 CHCI3). 

Example C11 
Substance PF1092A 

35 

The compound prepared in Example CIO (19 mg. 0.07 mnrx)l) was dissolved in anhydrous DMF (0.4 ml), imidazole 
(50 mg. 0.73 mmol) and t-butyldimethylsilyl chloride (65 mg, 0.43 mmol) were added to the solution, and the mixture 
was stirred at room temperature for 7 hr. Tliereafter. the reaction solution was diluted with chloroform and washed with 
a 5% aqueous potassium hydrogensulfate solution and an aqueous sodium hydrogencaibonate solution in that order. 

40 The organic layer was dried over anhydrous sodium sulfate and then concentrated under reduced pressure. The con- 
centrate was purified by preparative TLC separation (toluene : ethyl acetate » 10 : 1) to give a con'esponding t-butyld- 
imetiiylsilyl form (23 mg. 85%). 

The compound prepared just above (21 mg, 0.06 mmol) was dissolved in methylene chloride (0.45 ml), pyridine (22 
111, 0.27 mmd) and acetyl chloride (17 ^1. 0.24 mmol) were added to the solution under ice cooling, the mixture was 

45 stirred under ice cooling for 30 min, the temperature was raised to room temperature, and the mixture was stirred at 
room temperature for additional 22 hr. The reaction solution was diluted with chloroform and washed with a 5% aqueous 
potassium hydrogensulfate solution and an aqueous sodium hydrogencartxxiate solution in that order. The organic 
layer was dried over anhydrous sodium sulfate and then concentrated under reduced pressure. The concentrate was 
purified by preparative TLC separation (toluene : ethyl acetate = 20 : 1) to give a corresponding acetyl form (21 mg. 

so 89%). 

The compound prepared just above (18 mg, 0.04 mmol) was dissolved in anhydrous THF (0.5 ml), hydrogen fluo- 
ride-pyridine complex (33 pJ, 0.40 mmol) was added to the solution under ice cooling, the mixture was stirred under ice 
cooling for 30 min. the temperature was raised to room tenrperature. and the mixture was stirred for additional 2 hr. The 
reaction solution was diluted with chloroform and washed with a 5% aqueous potassium hydrogensulfate solution and 
55 an aqueous sodium hydrogencai1x>nate solution In that order. The organic layer was dried over anhydrous sodium sul- 
fate and then concentrated under reduced pressure. The concentrate was purified by preparative TLC separation (hex- 
ane : ethyl acetate » 1 : 1) to give the title compound (a compound represented by tiie general formula (I) wherein R^ 
represents an acetyl group and R^ represents a hydrogen atom) (5.5 mg. 42%). 
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Various spectral data of the title conrpound were in agreement with those of substance PF1092A disclosed in Jap- 
anese Patent Laid-Open No. 253467/1996. 

Example CI 2 

5 

Substance PF1092B 

The compound prepared in Example C10 (15 mg, 0.06 mmol) was dissolved in anhydrous methylene chloride (0.3 
ml), diisopropylethylamine (25 0.14 mmol) and acetyl chloride (9 jJ, 0.13 mmol) were added to the solution under ice 

TO cooling, the mixture was stirred under ice cooling for 30 min, the temperature was raised to room temperature, and the 
mixture was stirred for 17 hr. The reaction solution was diluted with chloroform and washed with a 5% aqueous potas- 
sium hydrogensulfate solution and an aqueous sodium hydrogencarkxsnate solution in that order. The organic layer was 
dried over anhydrous sodium sulfate and then concentrated under reduced pressure. The concentrate was purified by 
preparative TLC separation (hexane : ethyl acetate =1 : 1) to give the title compound (a compound represented by the 

IS general formula (I) wherein R** represents a hydrogen atom and represents an acetyl group) (7.8 mg. 45%). 

Various spectral data of the title compound were in agreement with those of suk>stance PF1 092B disclosed in Jap- 
anese Pat^t Laid-Open No. 253467/1996. 

Activity Evaluation Test 

20 

The progesterone receptor binding activity of the compounds of the present invention was measured in the follow- 
ing manner in accordance with the method of H. Kbndo et. al. (J. Antibiotics, Vol. 43, pp. 1533-1542, 1990). 

That is. uteri taken from hogs in 5 mM phosphate buffer were disrupted using Pdytron homogenizer, and the result- 
ing solution was centrifuged (100,000 x g. 30 min) to separate the supernatant, thereby preparing a cytosol containing 

25 progesterone receptor. A given concentration of a test drug solution (1 0 ^1) was added to a solution composed of 50 (il 
of the cytosol obtained just above (2-3 mg protein/ml) and 40 pi of a solution of pH] -progesterone as a ligand (3.84 
TBq/himol. 18.5 kBq/ml). and they were incubated in a test tube for 60 min at 4''C to effect a reaction. Then, 100 ^1 of 
a 0.5% activated carbon solution was added to the reaction solution, and the mixture was allowed to stand for 1 0 min 
and then centrifuged (2.000 x g, 10 min). The radioactivity of the supernatant was measured with a liquid scintillation 

30 counter. 

Separately, the radioactivity was measured in the same manner as described above, except that no test drug was 
added. Further, the radioactivity was measured in the same manner as described atx>ve. except that 10 ^1 of Medrox- 
yprogesterone Acetate (MPA) (10 p.g/ml) was added instead of the test drug. The radioactivity with no test drug added 
was defined as the amount of total binding of [^H]-progesterone to the cytosol. and the radioactivity with MPA added 
35 was defined as the amount of non-specific binding. The inhibition ratio was calculated from these measured values by 
the following equation to determine the binding inhibitory activity (IC50). 

inhihitinn ratin fi ftotal binding amount with test drug added)-(non-specific binding amount) ^ 
inniDnion raiio i^b; = (^i- j^^, yn^ing amount witii no test drug added)-(non-specific binding amountv' 

40 

The compounds prepared in Examples A1. A3. A4. A6b, A7, AS, A10. A12, A17, A19, A2^, A23, A30, A41, A44, 
and A45. the compounds prepared in Examples B2, B4, B7. 88, 827. 828. B30. and B42. and Mifepristone (RU38486) 
had the following inhibitory activity against progesterone receptor binding. 

45 



Table 1 



Inhibitory activity against progesterone receptor binding 


Ex. No. of compound 


Inhibitory activity (IC50) 
(nM) 




12 


A17 


17 


A23 


18 


A2'{ 


27 


A45 


29 
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Table 1 (oontinued) 





Inhiaitory activrty against progesterone receptor binding 




Ex. No. of compound 


inniDitory activity (1O50) 


5 




(nM) 




Ad. 

rlrr 


32 




A19 


47 




A30 


47 


10 


A10 


75 




A12 


83 




A8 


97 


IS 


A44 


276 




AoD 


2oo 




A41 


400 




A1 


1000 


20 






A7 


2840 




B2 


55 




B4 


53 


25 


B7 


54 




B8 (Racentic modification) 


74 




B8 (Natural type) 


21 




B27 


39 


30 








B28 


66 




B30 


60 




B42 (Nonnatural type) 


797 


35 


B42 (Natural type) 


33 




RU38486 


106 



EXAMPLE D1 

40 

A medium composed of 2.0% of starch. 1 .0% of glucose, 0.5% of polypeptone, 0.6% of wheat germ, 0.3% of yeast 
extract. 0.2% of soyt>ean meal and 0.2% of calcium cartx)nate (pH 7.0 before sterilization) was used as a seed culture 
medium. Another medium prepared by adding 0.3% of soybean meal to sufficiently water-absorbed rice was used as a 
praJuction medium. 

45 A 20 ml portion of the seed culture medium dispensed in a 100 ml capacity conical flask was sterilized at 120 ^'C 
for 15 minutes, and one loopful of Penidllium sp. PF1092 (PERM BP-5350) cells grown on a slant agar medium were 
inoc-ulated into the medium and cultured at 25°C for 3 days on a shaker to obtain a seed culture. Next, a 100 g portion 
of the aforementioned production medium dispensed in a 500 ml capacity conical flask was sierilized at 120°C for 15 
minutes, and 5 ml of the just obtained seed culture was inoculated into the medium, mixed thoroughly and then sub- 

50 jeeted to lO days of static culturing at 28''C. 

A 6 kg portion of the thus obtained culture mixture was extracted with 12 liters of ethyl acetate, and the resulting 
55 ethyl acetate layer containing active components was evaporated to obtain 15.3 g of oily material. The thus obtained 
oily material was applied to a column packed with 400 g of silica gel (Wakogel C-200. manufactured by Wako Pure 
Chemical Industries), washed with chloroform and then chromatographed using chlorolbrm-methanol (100:1 to 1 00:3) 
as a developing solvent, and the resulting active fraction was evaporated to obtain 4.6 g of crude powder. Next, the 
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crude powder was applied to a column packed with 150 g of silica gel (Wakogel C-200, manutactured by Wako Pure 
Chemical Industries), washed with hexane-ethyi acetate (8:1 to 5:1) and then chromatographed using hexane-ethyl to 
acetate (4:1 to 3:1) as adeveloping solvent to effect elution of substance PF1092B. and the resulting active fraction was 
evaporated to obtain 282 mg of crude powvder containing sutsstance PF1092B. The chromatography was continued 

5 using hexane-ethyl acetate (2:1 tol :1) as a developing solvent to effect elution of substance PF1092A and substance 
PF1092C, and the resulting active fraction was evaporated to obtain 763 mg of crude powder containing substance 
PF1092A and substance PF1092C. Next, the crude powder containing substance PF1092B was purified by Sephadex 
LH-20 (700 ml, manutactured by Pharmacia) column chromatography using chloroform-methanol (1 :1) as a developing 
solvent, and the active fraction containing substance PF1092B was evaporated to obtain 157.0 mg of substance 

10 PF1 092B as colorless powder. The colorless powder of substance PFI 092B was then dissolved in a chloroform-meth- 
anol mixture and allowed to stand to obtain 49.1 mg of substance PF1092B as colorless needle crystals. 

On the other hand, the crude powder containing substance PF1092A and substance PFI 092C obtained by the sil- 
ica gel column chromatography using hexane-ethyl acetate (2:1 to 1 :1) as a developing solvent was purified by Sepha- 
dex LH-20 (700 ml) column chromatography using chloroform-methanol (1 :1) as a developing solvent to obtain 298 mg 

IS of substance PF1092A as colorless powder and then 1 59 mg of substance PF1092C as colorless powder. Thereafter, 
the colorless power of substance PF1092A was dissolved in a chloroform-methanol mixture and allowed to stand to 
obtain 60.0 mg of sutsstance PF1092A as colorless needle crystals, and the colorless powder of substance PF1092C 
was dissolved in ethyl acetate and allowed to stand to obtain 30.1 mg of substance PF1092C as colorless needle crys- 
tals. These substances have the aforementioned physico-chemical properties. 

20 Structures of the compounds of the above examples are summarized in the following table. 



2S 



30 



35 



45 



so 



ss 
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Table 2 



5 


Exaaple 








R^ 


R* 


r'' 




A 1 


c 


Hg CO-0- 


HO- 




H 


CH3 


H 


10 


A 9 




HO- 


Cg Hg CO-0- 




H 


CHg 


H 




A 3 




HO- 






H 


CHg 


H 


IS 


A 4 


^2 


Hg CO-0- 


Cg Hg CO-0- 




H 


CHg 


H 




A 6a 


^3 


NHCO-0- 


HO- 




H 




H 


20 






HO- 


Cg H^ NHCO- 


0- 


H 


CHg 


H 


2S 


A. DC 


^3 


NHCO-0- 


Cg H^ NHCO- 


0- 


H 


CHg 


H 




A 7 


O-CH3-O- 


HO- 




H 


CHg 


H 


30 


A8 


CH 


3 OCHg 0- 


/J v\ 

O-CO-0- 




H 


CHg 


H 




A Q 




HO- 






H 


CHg 


H 


35 


A in 


CH 


3°- 


Cg Hg CO-0- 




H 


CHg 


H 




Alia 




HO- 


CH3 CONH- 




H 


CHg 


H 


40 


Allb 




HO- 


CHg CONH- 




H 




H 




A12 




HO- 


C 1 -CHg CO- 


0- 


H 


CHg 


H 


45 


A 13 




HO- 


Q-CHg CO- 


0- 


H 


CHg 


H 


SO 


A 14 




Hg CO-0- 


^co-o- 




H 


CHg 


H 


A15 


[>-co-o- 


H, CO-0- 




H 


CHj, 


H 
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Table 2 (cont. ) 



5 


Example 






R^ 


r'' 




AIR 


H O — 


(CHg ) 2 CHCO-0- 


H 


CHg 


H 


10 


Air? 

A17 


T T 

HO — 


0-co-o- 


H 


CHg 


H 




A 18 


^ ^CO— 0- 


HO- 


H 


CHg 


H 


IS 


A19 


HO- 




H 


CHg 


H 




A20 


HO- 


\ y- CH = CH — CO — 0 — 


H 


CHg 


H 


20 


A 21 


HO- 


Q-CO-0- 




C H 


u 




All 


\=/ 


-0- HO- 


H 


CHg 


H 


25 


A23 


HO- 


OgN-^^" CO-0- 


H 


CHg 


H 


30 


A 9 A 




f>-co-o- 

^0^ 


H 


CHg 


H 




A25 


HO- 


<^ ^V-CO-0- 

M — C 
IN 


H 


CHg 


H 


35 


A Oct 


H O — 




H 


CHg 


H 


40 


A 27 


CHg NHCO-0 


HO- 


H 


CHg 


H 




A28 


^^NHCO-0 


- <Q>-NHCO-0- 


H 


CHg 


H 


46 


A 29 


CHg -0- 


CHg -0- 


H 


CHg 


H 




A30 


CHg -0- 


CHg -CO-0- 


H 


CHg 


H 


SO 


A31 


CHg -0- 


<^co-o- 


H 


CHg 


H 
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Table 2 (cont. ) 



5 


Example 


R 


R 


R 


R 




A32 


CH,-0- 

0 


Q- co-o- 


H 


CHg 


H 


to 


A33 


C, H- 0- 


CHg CO-0- 


H 


CHg 


H 




A34 


CH3-O- 


Cg Hg 0-CO-O- 


H 


CHg 


H 


IS 


A35 


CH3 -0- 


V y— U — V/ U — U — 


T T 
tl 


/•> T_T 
CHg 


H 




A36 


Hg CO-0- 


CHg -O-CHg -0- 


H 


CHg 


H 


so 


A37 


<Q>-co-o- 


CH3 -O-CHg -0- 


H 


^«3 


H 


25 


ASS 


CH3OC2 H4OCH2 


0- 


H 


CH3 


H 




A39 


CHg 0- 


<^co-o- 


H 


CHg 


H 


30 


A40 




O-co-0- 


H 


CHg 


H 


35 


A41 




O-CO-0- 


H 


CHg 


H 




A42 


CH3 0- 


CHg 0- 


H 


CHg 


H 


40 


A43 


CH3 0- 


CH3 SO2 -0- 


H 


CHg 


H 




A44 


CHg CO-0- 


{^CO-0- 


H 


CHg 


H 


4S 


A45 


HO- 


Q-CO-0- 


H 


CHg 


H 


SO 


A46 


CH, 0- 


CH, CONH- 


H 


CH, 


H 
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5 


Example 






R^ 


r4 


r'' 




B 1 


H 


HO- 


H 


CHg 


H 




B2 


H 


CHg CO-0- 


H 


CHg 


H 


10 


83 


H 


Hg CO-0- 


H 


CH3 


H 




B4 


H 


C, H, CO-0- 


H 


CH, 

3 


H 




B5 


H 


(CHg ) 2 CHCO-0- 


H 


CHg 


H 


15 


B6 


H 


(CHg ) 2 CHCHg CO-0- 


H 


CH3 


H 




B7 


H 


Q-co-o- 


H 


CHg 


H 


20 


B8 


H 




H 


CHg 


H 


25 


B9 


H 


Q^OO-0- 


H 




H 




B13 


H 


HO- 


H 


CHg 


CHg 


SO 


B14 


H 


CHg CO-0- 


H 


CHg 






B15 


H 


Hg CO-0- 


H 


CHg 


CHg 


as 


B16 


H 


Q-CO-0- 


H 


CHg 


CHg 




B17 


H 


Q-CO-0- 


H 


CHg 


CHg 


40 


B20 


H 


HO- 


H 




H 




B21 


H 


CHg CO-0- 


H 


^2 «5 


H 


45 


B22 


H 


Cg Hg CO-0- 


H 


S «5 


H 




B23 


H 


<Q-co-o- 


H 




H 


50 


B24 


H 


O-co-o- 


H 


S «5 


H 
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Table 2 (cont. ) 



Exaople 




-7 


R^ 


R^ 




B26 


H 


HO- 


H 


H 


H 


B27 


H 


CH3 CO-0- 


H 


H 


H 


B28 


H 


Cj Hg CO-0- 


H 


H 


H 


B29 


H 


<Q-CO-0- 


H 


H 


H 


B30 


H 




H 


H 


H 


B34 


H 


HO- 


CH3 


H 


H 


B35 


H 


CH3 CO-0- 


CH3 


H 


H 


B36 


H 


Cg Hg CO-0- . 


CH3 


H 


H 


B37 


H 




CH3 


H 


H 


B38 


H 


<ryco-o- 


CH3 


H 


H 


B39 


HO- 


HO- 


H 


CH3 


H 


B40 


HO- 


HO- 


H 


CH3 




341 


HO- 


HO- 


H 




H 


B46 


CH3 


HO- 


H 


CH3 


H 


B47 


CH3 


CHg CO-0- 


H 


CH3 


H 


B48 


CH3 


Cg Hg CO-O- 


H 


CH3 


H 


B49 




Q-co-o- 


H 


^«3 


H 


B50 


CH3 


rvco-0- 


H 


CH3 


H 
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Preparation Tablets 

The compound of Example A4, lactose, crosslinked polyvidone, hydroxypropylmethyl cellulose were granulated b/ 
the wet process, and magnesium stearate was added thereto. 

The mixture was then compressed to prepare tablets. Each tablet had the following composition. 



Compound of ExampI A4 


5.0 mg 


Lactose 


185 mg 


Crosslinked polyvidone 


7.0 mg 


Hydroxypropylmethyl cellulose 


2,5 mg 


Magnesium stearate 


0.5 mg 




Total 200 mg 



Acute Toxicity 

The compound of Example A4 dissolved in 0.2 % of methylcellulose solution was hypodermically administered to 
SD male rat (16 weeks okQ at a dose of 60 mg/kg. As a result, all the animals survived and there is no significant toxicity. 

Claims 

1 . A compound represented by the following formula (1) or a pharmaceutically acceptable salt thereof: 



R5 




O (I) 



wherein 

represents 
a hydroxy] group, 

optionally substituted C^-Cio alkyloxy, 
optionally substituted C2-C10 alkenyloxy, 
optionally sut>stituted C2-C10 alkynyloxy, 
Cs-Ce cycloalkyloxy, 
C2-C12 alkoxyalkyloxy, 

five- or six-membered cycloalkyloxy containig one oxygen atom. 

optionally substituted C7-C15 aralkyloxy. 

optionally substituted C2-C11 alkylGart>onyloxy. 

opttonally substituted C3-C11 alkenylcartX)nylQxy. 

optionally sut^stituted Cs-C-t 1 alkynylcartx)nylQxy, 

C4-C15 cycloalkylcartx)nyloxy. 

C2-C11 alkoxycartx)nylQxy, 

C7-C15 aryloxy carbonyloxy. 
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optionally si^stituted Cs-Ci 5 aralkylcartx)nytoxy. 
optionally sii)stituted C7-C1 5 aromatic acyloxy, 

optionally substituted C3-C15 heteroaromatic acyloxy having at least one hetero atom selected from the group 
consisting of nitrogen* oxygen, and sulfur atoms, 

optionally substituted 04-0^2 saturated heterocyclic carbonyloxy having at least one hetero atom selected from 
the group consisting of nitrogen, oxygen, and sulfur atoms. 
CrCe alkylsutfonyloxy, 

optionally substituted C6'Ci2 aromatic suKonyloxy. 
C2-C7 alkytcartjamoyloxy 

optionally substituted C7-C12 aromatic carbamoyloxy, 

optionally substituted Ca-C^ ^ alkylcarbonylamino, 

optionally substituted C7-C15 aromatic acylamino, 

a hydrogen atom. 

optionally substituted C^-C^o ^M* 

optionally substituted C2-C10 alkenyl, or 

optionally substituted C2-C10 alkynyl; 

represents 
a hydroxyl group. 

optionally substituted CyC^o alkyloxy. 
optionally substituted C2-C^o alkenyloxy. 
optionally substituted C2-C10 alkynyloxy. 
C3-C6 cycloalkyloxy. 
C2-C12 alkDxyalkyloxy, 

five- or six-mentsered cycloalkyloxy containig one oxygen atom, 

optionally substituted C7-C15 aralkyloxy, 

optionally substituted C2-C^ ^ alkylcartxsnyloxy. 

optionally substituted Cs-C^^ alkenylcartx)nyloxy, 

optionally substituted C3-C11 alkynylcarbonylos^. 

C4-C15 cycloalMcartx>nylaxy. 

C2-Cii alkoxycartx>nyloxy. 

C7-C15 aryloxy cartx)nyloxy, 

optionally substituted Cs-C^s aralkylcartx>nyloxy. 

optionally substituted C7-C15 aromatic acyloxy. 

optionally substituted C3-C15 heteroaromatic acyloxy having at least one hetero atom selected from the group 
consisting of nitrogen, oxygen, and sulfur atoms, 

optionally substituted 04-0^2 saturated heterocyclic cartsonyloxy having at least one hetero atom selected from 
the group consisting of nitrogen, oxygen, and sulfur atoms. 
C^Cq alkylsulfonyloxy. 

optionally substituted Cq'C^2 aromatic suHbnyloxy. 
C2-C7 alkylcarbamoyloxy 

optionally substituted 07-0^2 aromatic carbamoyloxy, 
optionally substituted alkylcarbonylamino, 
optionally substituted C7-C15 aromatic acylamino; 

represents 
a hydrogen atom 

optionally siisstituted CrCio alkyi, or 
optionally substituted C2-Cio aikenyl; 
R^ represents 
a hydrogen atom 

optionally sidjstituted CrCio alkyi, or 
optionally substituted 02-0^0 alkenyl; and 
R® represents 
a hydrogen atom 

optionally substituted CrCio alkyi. or 
optionally substituted C2-C10 alkenyl, 

provided that a compound wherein both and represent a hydroxyl group, R^ and R^ represent a hydrogen 
atom, and R^ represents methyl, a compound wherein R^ represents methylcarbonyloxy, and R^ represents a 
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hydroxyl group. and represent a hydrogen atom, and R^ represents methyl, a conipound wherein R^ repre- 
sents a hydroxyl group. R^ represent methylcarbonyloxy, R^ and R^ represent a hydrogen atom, and R^ represents 
mettryl are excluded. 

The compound according to claim 1 . wherein 

R"" represents 

a hydroxyl group, 

Ci-Cioalkyloxy, 

C^-Ce cycloalkyloxy. 

C2-C12 alkoxyalkylQxy. 

optionally substituted Cy-C^s aralkyloxy. 

optionally sut}stituted C2-C11 alkylcaitenyloxy, 

C4-C15 cycloalkylcarkx)nytQxy, 

C2-C11 alkoxycartx}nylQxy, 

C7-C15 aryioxy carbonyloxy, 

optionally substituted Cs-Cis araikylcarisonyloxy. 

optionally substituted C7-C15 aromatic acyloxy. 

optionally substituted C3-C15 heteroaromatic acyloxy having at least one hetero atom selected from the group 
consisting of nitrogen, oxygen, and sulfur atoms, 

optionally substituted C4-Ci2 saturated heterocyclic cartxsnytoxy having at least one hetero atom selected from 
the group consisting of nitrogen, oxygen, and sulfur atoms. 
Ci-Ce alkylsulfonyloxy, 
C2-C7 all^lcart>amoyloxy 

optionally substituted C7-C12 aromatic carbamoyloxy, 

optionally sut>stituted C2-C-11 alkylcart)onylamino. 

a hydrogen atom, or 

optionally sut)stituted CrCio alkyl; 

R^ represents a hydroxyl group; 

R^ represents 

a hydrogen atom or 

optionally sufc>stituted Ci-C^o alkyl; 

R^ represents 

a hydrogen atom or 

optionally sut>stituted Ci-Cio alkyl; and 

r5 represents 

a hydrogen atom or 

optionally substituted C^-Cto alkyl. 

The compound according to claim 1 . wherein 

R^ represents a hydroxyl group; 

R^ represents 

a hydroxyl group, 

C1-C10 alkyloxy, 

C3-C6 cycloalkyloxy, 

C2-C12 alkoxyalkyloxy, 

optionally substituted C7-C15 aralkyloxy, 

optionally sut}stituted Ca'C^ alkylcarbonyloxy, 

C4-C15 cycloalkylcarlx)nyloxy, 

C2-C11 alkoxycartx)nyloxy. 

C7-C15 aryioxy caribonyloxy. 

optionally substituted Cs-Cis aralkylcart)onyloxy, 

optionally sut>sb'tuted C7-C15 aromatic acyloxy, 

optionally substituted C3-C15 heteroaromatic acyloxy having at least one hetero atom selected from the group 
consisting of nitrogen, oxygen, and sulfur atoms. 

optionally suk>stituted C4-C12 saturated heterocyclic carbonyloxy having at least one hetero atom selected from 
the group consisting of nitrogen, oxygen, and sulfur atoms, 
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Ci-Ce alkylsulfonyloxy, 
C2-C7 alkylcarbamoyloxy 

optionaHy substituted C7-C12 aromatic carbamoytoxy. 
optionally substituted C2-C11 alkylcarbonylamsno. 
a hydrogen atom, or 
optionally substituted C1-C10 sA^i 

represents 
a hydrogen atom or 
optionally substituted C^C^q a'^* 
R"* represents 
a hydrogen atom or 
optionally substituted CyC-io alkyl: and 
R^ represents 
a hydrogen atom or 
optionally sitetituted C^-Cio alkyl- 

The compound according to claim 1, wherein 

R^ and R^ each independently represent 

a hydroxyl group; 

C^-Cio alkyloxy, 

C3-C6 cycloalkyloxy, 

C2-C12 alkoxyalkyloxy, 

optionally substituted C7-C15 aralkyloxy, 

optionally substituted C2-C11 alkylcartx)nyloxy, 

C4-C15 cycloaIkylcartx)nyloxy. 

C2-C1-1 alkoxycartx>nyloxy, 

C7-C15 arylcxy cailsonyloxy, 

optionally substituted Ce-Cis aralkylcaibonyloxy, 

optionally substituted C7-C15 aromatic acyloxy, 

optionally substituted 03-0^5 heteroaromatic acyloxy having at least one hetero atom selected from the group 
consisting of nifrogen. oxygen, and sulfur atoms. 

optionally substituted C4-C1 2 saturated heterocyclic cart^onyloxy having at least one hetero atom selected from 
the group consisting of nitrogen, oxygen, and sulfur atoms. 
Ci-Cs alkylsulfonyloxy, 
C2-C7 alkylcart)amoyloxy 

optionally substituted C7-C12 aromatic carbamoyloxy, 

optionally substituted C2-C1 ^ alkytcarbonylamino. 

a hydrogen atom, or 

optionally substituted CyC-io alkyl; 

R^ represents 

a hydrogen atom or 

optionally substituted C1-C10 alM: 

R* represents 

a hydrogen atom or 

optionally substituted CrC^o alkyl: and 

R^ represents 

a hydrogen atom or 

optionally substituted CrCio alkyl. 

The compound according to claim 1 . wherein 

R** represents a hydrogen atom; 

R^ represents 

a hydroxyl group; 

C2-C10 alkylcartx)nyloxy, 

C3-C10 alkenylcarbonylQxy, 

optionally substituted C2-C10 alkytcartx)nyloxy. 
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C4-C15 cydoalkylcaitenyloxy, 

optionally substituted Cs-C^s aralkylcart>onyloxy, 

optionally substituted C7-C15 aromatic acyloxy, or 

optionally substituted C3-C15 heteroaromatic acyloxy having at least one nitrogen, oxygen, or sulfur atom; 

represents 
a hydrogen atom 

optionally substituted C1-C10 a'kyl. or 
optionally sut^stituted C2-C10 alkenyl; 
R"^ represents 
a hydrogen atom, 
Ci-Cioalkyl. 

optionally sut>stituted CyC^o alkyi, 
optionally substituted C2-C10 all^nyl; and 
R^ represents 
a hydrogen atom 

optionally substituted C1-C10 alky), or 
optionally substituted C2-C10 alkenyl. 

6. The compound according to claim 1 , wherein 

R^ represents 2-tetrahydropyranyloxy. propionyloxy. isobutyryloxy, chloroacetyloxy. phenylacetyloxy, cyclopro- 
pylcarfcx>ny1oxy, cyclohexylcarbonytoxy, cinnamoyloxy. benzoyloxy. 4-nitrobenzoylQxy, 2-thenoyloxy, 2-furoyloxy, 
1-benzothiophen-2-ylcart>onyloxy, 4-methyl-5-thiazolylcarbonyloxy, n-propylcart)amoyIoxy, or acetylamino, and 
R^ represents a hydroxy! group. 

7. The compound according to claim 1 . wherein 

R^ represents methcxy, acetyloxy, propionyloxy, cyclopropylcartx>nytoxy, benzoyloxy, 2-thenoyloxy, 2-furoyloxy, 
ethoxycarbonyloxy, phenoxycariaonyloxy, metiiylsuHbnylaxy, or acetylamino; arxi 
R"" represents methoxy. 

8. The compound according to claim 1 . wherein 

R^ represents acetyloxy, propionyloxy, cyclopropylcarbonyloxy, benzoyloxy, 2-tiienoylQxy, or 2-f uroyloxy; and 
R** represents ethoxy. 

9. The compound according to daim 1 , wherein 

R^ represents acetyloxy, propionyloxy. cydopropylcaitenyloxy, benzoyloxy. 2-thenoyfQxy. or 2-furoylQxy; and 
R^ represents n-propyloxy. 

10. The compound according to daim 1 , wherein 

R^ represents a hydroxyl group, acetyloxy, propionyloxy. cyclopropylcarbonyloxy, benzoyloxy, 2-furoyloxy, 2- 
thenoyloxy, or methoxymethyloxy; and 
R^ represents propionyloxy. 

11. The compound according to daim 1, wherein 

R^ represents a hydroxyl group, 

R^ represents benzyloxy. cydopropylcarbonyloxy. cydohexyk;artx>nyloxy, benzoyloxy. 4-nitrobenzoyloxy. 2-the- 
noyloxy, 2-furoyloxy. methylcart>amoyloxy. or n-propylcarbamoyloxy. 

12. The compound according to daim 1 . wherein 

R^ represents 2-furoylQxy; and 

R^ represents acetyloxy. cyclopropylcartx)nylaxy, benzoyloxy. 2-thenoyloxy. or 2-furoyloxy. 
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13. The compound according to claim 1 , wherein 

represents propionyloxy; and 
R** represents acetyl<»y. cydopropytcarbonyloxy. benzoytoxy. 2-thenoyloxy, or 2-furoylaxy. 

5 

14. The compound according to claim 1 . wherein 

R^ represents benzoytoxy; and 

R^ represents methoxymethyloxy or methoxyethoxymethyloxy. 

10 

15. The compound according to claim 1 , wherein 

R^ represents methoxymethyloxy: and 
R^ represents benzoytoxy. 

75 

16. The compound according to claim 1 , wherein 

R^ represents n-propyicart}amoyloxy; and 
R** represents n-propylcartDamoyloxy. 

20 

17. The compound according to claim 1 . wherein 

R^ represents phenylcarbamoyloxy; and 
R^ represents phenylcart>amoyloxy. 

25 

18. The compound according to claim 1. wherein 

R^ represents a hydrogen atom; 

R^ represents a hydrotxyl atom, acetyloxy. propionyloxy, butyryloxy, Isobutyryloxy, isovaleryloxy, benzoyloxy. 2- 
30 furoyloxy. or 2-thenoyfoxy; 

R^ represents a hydrogen atom; 

R^ represents methyl; and 

R^ represents a hydrogen atom. 

35 19. The compound according to claim 1 , wherein 

R^ represents a hydrogen atom; 

R^ represents a hydroxyl group, acetyloxy, propionyloxy, butyryloxy, isobutyryloxy, isovaleryloxy, benzoyloxy. 2- 
furoyloxy. or 2-thenoyloxy; 
40 represents a hydrogen atom; 

R^ represents methyl; and 
R^ represents methyl. 

20. The compound according to claim 1 . wherein 

45 

R^ represents a hydrogen atom; 

R^ represents a hydroxyl group, acetyloxy, propionyloxy. butyryloxy. isobutyryloxy, isovaleryloxy. benzoyloxy. 2- 
furoyloxy. or 2-thenoyloxy; 
R^ represents a hydrogen atom; 
so R^ represents ethyl; and 

R^ represents a hydrogen atom. 

21 . The compound according to claim 1 , wherein 

55 R^ represents a hydrogen atom; 

R^ represents a hydroxyl group, acetyloxy, propionyloxy. butyryloxy, isobutyryloxy, isovaleryloxy, benzoyloxy, 2- 

furoyloxy, or 2-thenoyloxy; 

R® represents a hydrogen atom; 
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R"^ represents a hydrogen atom; and 
represents a hydrogen atom. 

22. The compound according to claim 1 , wherein 

R** represents a hydrogen atom; 

R^ represents a hydroxy! group, acetyloxy, propionyloxy, butyryloxy, isobutyryloxy. isovaleryloxy. benzoyloxy, 2- 

furoyloxy, or 2-thenoyloxy; 

R^ represents methyl; 

R^ represents methyl; and 

R^ represents a hydrogen atom. 

23. The compound according to claim 1 , wherein 

R** represents methyl; 

R^ represents a hydroxy! groups acetyloxy, propionyloxy, butyryloxy, isobutyryloxy, iscvaleryloxy, benzoytoxy, 2- 

furoyloxy, or 2-thenoyloxy; 

R^ represents a hydrogen atom; 

R^ represents methyl; and 

R^ represents a hydrogen atom. 

24. The conrpound according to claim 1 , wherein 

R^ and R^ each independently represent 
a hydroxyl group. 

optionally substituted C^-C^q alkyloxy. 
optionally substituted C2-C-to alkenyloxy, 
optionally substituted Ca-Cio alkynyloxy, 
C3-C6 cycloalkyloxy, 
€2-012 alkoxyalkyloxy. 

five- or six-membered cycloalkyloxy containig one oxygen atom, 

optionally substituted C7-C15 aralkyloxy. 

optionally substituted C2-C1 1 alkylcarbonyloxy, 

optionally sut^stituted C3-C1 i a!kenylcartx>nyloxy. 

optionally substituted C3-C-1 1 aikynylcarbonyloxy, 

C4-C15 cydoalkylcarbonyloxy, 

C2-C11 alkoxycarbonyloxy, 

C7-C15 aryloxy carbonyloxy. 

optionally sut}stituted Cs-C^s aralkylcarbonyloxy, 

optionally sut>stituted C7-C15 aromatic acyloxy, 

optionally substituted C3-C15 heteroaromatic acyloxy having at least one hetero atom selected from the group 
consisting of nitrogen, oxygen, and sulfur atoms, 

optionally substituted C4-C12 saturated heterocyclic cartx>nyloxy having at least one hetero atom selected from 
the group consisting of nitrogen, oxygen, and sulfur atoms, 
C^-Ce alkylsulfonyioxy. 

optionally sut>stituted Cs-C^z aromatic suHbnyloxy, 
C2-C7 alkylcark)amoyloxy 

optionally sut)stituted C7-C12 aromatic cart}amoytoxy, 
optionally substituted C2-C11 alkylcarbonytamino; 

represents a hydrogen atom; 
R"^ represents 
a hydrogen atom or 
Ci-Cioalkyl; and 
R^ represents a hydrogen atom. 

25. The compound according to claim 2, wherein 

R^ and R^ each independentiy represent 
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a hydroxyl group, 
Ci-Ce alkyloxy group. 

C2-C12 alkDxyalkytoxy which may be substituted by C^Cq alkoxy groups 
C7-C15 aralkyfoxy, 

C2-C7 alkylcarbonytoxy which may be substituted by a halogen, 
C4-C15 cycioalkylcartx>nylQxy. 
C2-C7 alKoxycartx>nyloxy, 
Cy-C^s aryloxycarbonyloxy, 
Cq-C^s aralkyicartxjnyloxy. 

C7-C15 arylcarbonyloxy which may be substituted by nitro, 

five- or six-membered heteroaromatic acyloxy containing one oxygen or sulfur atom, 

five- or six-membered heteroaromatic acyloxy, containing an nitrogen or sulfur atom, which may be substituted 
by Ci-Cealkyl. 

five- or six-membered saturated heterocyclic cartx)nyloxy having at least one hetero atom selected from nitro- 
gen, oxygen, and suHur atoms, 
C^-Ce alMsuHbnyloxy, 
C2-C7 alMcart3amoyloxy, 
C7-C^2 arylcarbamoylQxy, 
C2'C7 alkylcarbonylamino: 

represents a hydrogen atom; 

represents C^-Ce alkyi; and 

represents a hydrogen atom. 

26. A pharmaceutical composition comprising as an active ingredient the compound according to any one of claims 1 
to 25. 

27. The pharmaceutical composition according to claim 26, which is a therapeutic or prophylactic agent for progester- 
onen-elated diseases. 

2a The pharmaceutical composition according to claim 26, which is an abortifadent, an oral contraceptive pill, an car- 
dnostatic agent for breast cancer or ovarian cancer, a therapeutic agent for erxlometriosis, meningioma, or mye- 
loma, or a therapeutic or prophylactic agent for osteoporosis or climacteric disturtsance. 

29. A method for treating or preventing progesterone-related diseases, comprising administering the compound 
according to any one of daims 1 to 25 to a mammal induding a human being. 

30. A method for treating or preventing abortion, contraception, breast or ovarian cancer, endometriosis, meningioma, 
myeloma, osteoporosis, or dimacteric disturt>ance, comprising administering the compound according to any one 
of claims 1 to 25 to a mammal including a human being. 

31. A process for produdng a compound represented by tiie formula (1) according to claim 1 . wherein R^ and R^ rep- 
resent a hydroxyl group, R® represents a hydrogen atom, R^ represents a hydrogen atom, optionally substituted 
C1-C10 alM. or C2-C10 alkenyl and R^ represents a hydrogen atom, said process comprising the steps of: 

(a) oxidizing the following compound (11): 




CH3 



(11) 



and then conduding acetal protection; 
(b) reacting the resultant compound (12): 
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CH3 
-j CH3 



WO 

6W 



(1 2) 



wherein W is a protective group of an acetal group, with benzenesuHbnylmethyl in the presence c 
(c) protecting the resultant compound (13): 

CH3 



CH3 

b w 

(1 3) 



with a hydroxyl group and then conducting a ringK)pening reaction in the presence of a base: 
(d) subjecting the resultant compound (14): 

WO CH3 OP 

wo-^\^^Y^ 

P.O CH3 
(14) 



to a ring-closing reaction with a Lewis acid; 
(e) reducing the resultant compound (15): 



O 

PhSOz^^JL^CHg 



'CH3 

PO 

( 1 5) 



(f) subjecting the resultant compound (16): 
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O 




PO 



( 1 6) 

and 3-trimethylsityl-3-buten-2-one to Michael addition and cyclocondensation in the presence of a base: 
(g) condensing the resultant compound (17): 




(1 7) 



with a-keto ester by aldol condensation in the presence of a base and optionally a catalytic amount of zinc chlo- 
ride; 

(h) heating the resultant compound (18): 




( 1 8) 



wherein is as defined above in connection with the formula (1) and is as defined above, under reflux in 

the presence of an acid catalyst: 

0) oxidizing the resultant compound (19): 




(19) 



32. Use of a compound represented by the following corrpound for the production of the compound according to any 
one of claims 1 to 25: 
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